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The work in which the Fellows of the Royal Meteorological Society are 
engaged is one of surpassing importance, as regards the study of tlio 
causation of disease. The words written hy John R. Arbuthnot, M.D., 
F.R.S., more than a century and a half ago, are probably as applicable now as 
when written. He said ** a history of facts or a journal of diseases 
compared with the weather, which, if it should be kept for any great 
period of time and in many places I will venture to affirm that mankind 
would arrive at more than a conjectural knowledge in this matter. The 
ancient physicians seem to have been more attentive to this than the 
modems, and those of the modems who have attended to it have perhaps 
made no inconsiderable figure in their profession." 

Various climatic conditions affect disease ; and to get at the particular 
influence of any one condition it is necessary to differentiate between various 
causes. The variations in climatic condition are extremely diversified, and 
the study of their influence on disease should not extend over too groat an 
area ; for it is only in typical years that their influence is wide-spread. 

In studying the effects of underground water on disease, we must care- 
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fully elimItiat((tbos6 other agencies which are known to have an inflaonco upon 
liealilL Tfie pages of history show that when the ground waters of our own 

.tSi^'Qthel' countries have arrived at a considerable degree of lowness, as evi- 

• • • • • 

/ .\clttlced by the failare of springs and the drying up of rivers, sach periods 
. V>.** ^ftvo always been accompanied or followed by epidemic disease. 
*.*••/•/• I may say, at the outset, that in the study of this subject it will be found, 

*••. * in all probability, that ground water in itself, except under conditions where 

it is liable to pollution, has no material effect in producing or spreading 
disease. As a rule it is only in those places in which there has been a con- 
siderable amount of impurity stored up in the soil that diseases become mani- 
fest, and the most common mode by which diseases are disseminated is by 
means of the water supplies drawn from the ground, or by the introduction 
of contaminated ground air into the habitations of the people. It will also 
be found that the periods of low and high ground -water mark those epochs 
when certain organic changes take place in the impurities stored in the earth, 
and which ultimately become the cause, and lead to the spread, of disease. 

For the purpose of illustrating the influences of ground water upon health 
I propose to deal more especially with the records of Croydon ; not because 
Croydon is an exceptionally unhealthy district, for it is a district extremely 
fiavourable to health by reason of the comparatively recent extension of its 
population over a maiden soil which has not had time to be polluted by the 
residence of n^an upon it. In fact, if you wish to get the true significance 
of the besoming of climatic influences on health, you must go into those districts 
which have been long occupied by man as residences, in which the ground has 
received from year to year considerable accessions of pollution. On this 
account the observations made at Croydon are unfavourable, but what occurs 
there is accentuated in other districts not so favourably located. Wo have, 
moreover, in Croydon a comparatively perfect register of Baptisms and 
Burials, going back to the year 1589. 

For years past I have been carrying on observations upon the state of the 
ground water within and around this particular area, with a view of discovering 
the influences which affect the health of the place, and by inference of all 
other places. I have had extracted the date, the place, and the cause of 
every death since registration has taken place, and have also had abstracted 
the whole of the burials, separating them to each month of every year. The 
Croydon Register of Burials shows that the incidence of disease in Croydon 
three hundred years ago did not differ greatly from what is observed at the 
present time. 

Croydon is also by no means a favourable place for the study of certain 
types of disease, owing to the fact that it has been subject at certain periods 
to various epidemics, the protective influences of which against a second 
attack of such disease tends to obscure the law that governs their extension. 

One of the climatic conditions which affect health is that of temperature. 
Heat and cold have a marked influence in producing disease. The month of 
June is the most healthy month of the whole year. As we leave the point 
of mean temperature, either on one side or the other, the death rate increases, 
but from a different class of disease. 
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Tho following table shows tbo death rates in Croydon. In it I have shown 
the mean temperature of the months of December, January and February 



Cold and Hot Periods with Deaths^ in Cboydon. 



Year. 


Temp. 

Dec. Jan. 

Feb. 


Death 

Rate, 

Jan. Feb. 

Maroh. 


Deaths of 
Children 

under 
5 years of 

age, 

Jan. Feb. 

Maroh. 


Temp. 

June, July, 

Aug. 


Death 

Bate, 

July, Aug. 

Sept. 


Deaths of 
Children 

under 
5 years of 
age, July, 
Aug. Sept. 


1837 



40-5 


39-8 


• . 



6o*9 


28-5 


47 


1838 


39*1 


337 


51 


60*2 


31-5 


55 


1839 


39-8 


22-3 


28 


6o'3 


23-3 


35 


1840 


40-4 


*3-4 


3« 


592 


239 


31 


1 841 


34-6 


29'! 


41 


58-2 


1 8*4 


28 


1842 


38'! 


31*0 


56 


62*8 


24*1 


35 


1843 


40-3 


25*0 


29 


59-8 


21*1 


36 


1844 


39-4 


21-8 


33 


6o*o 


1 6*4 


22 


1845 


347 


23*5 


26 


59-2 


20*0 


26 


1846 


43' 


20'0 


3^ 


64-3 


i8-8 i 

1 


34 


1847 


347 


28-3 


47 


6i-8 


287 j 


56 


1848 


40-2 


33*5 


88 


59*9 


25-6 


3» 


1849 


43-0 


31-6 


47 


611 


31-8 


34 


1850 


39-0 


182 


33 


617 


194 


30 


1851 


41-1 


193 


42 


6o*9 


26*0 


40 


1852 


4'*3 


20'6 


44 


617 


22*2 


41 


1853 


40*6 


368 


73 


60*1 


22*1 


33 


1854 


377 


i4-3 


61 


59-4 


27:6 


62 


1855 


353 


26*3 


48 


6ri 


1 8-4 ' 


44 


1856 


392 


191 


51 


615 


17-5 


36 


1857 


387 


i8*8 


46 


64*0 


i6'i 


49 


1858 


39*5 


i8*6 


35 


63*1 


i8-6 


57 


1859 


417 


i8-4 


34 


65*0 


25-1 ' 


91 


i860 


367 


187 


57 


57-4 


14*8 


33 


1861 


391 


194 


46 


62*0 


i6*o 


55 


1862 


40-9 


20*9 


66 


58-6 


14*2 1 


40 


1863 


4*7 


207 


67 


6i*3 


22-2 j 


78 


1864 


38-8 


29-9 


112 


60*4 


18.5 


70 


1865 


•37'4 


22*1 


82 


62*3 


21*6 


97 


1866 


42*6 


»7-5 


125 


61*1 


17-8 


78 


1867 


40-8 


22-1 


90 


6o*s 


i6-8 


73 


1868 


39.6 


22*1 


105 


651 


25-0 


141 


1869 


44.1 


217 


99 


60*2 


23-4 


135 


1870 


341 


20-8 


105 


62*5 


20*2 


130 


1871 


35-8 


22*6 


133 


6o'4 


22*4 


127 


1872 


41-5 


19-5 


119 


617 


19-5 


126 


1873 


39-8 


177 


93 


617 


'57 


III 


X874 


403 


17-8 


lOI 


6o'9 


1 5*4 


no 


1875 


37*i 


22*1 


112 


6o*3 


i8*8 


"5 


1876 


389 


21-4 


I2X 


627 


19-9 


H3 


1877 


437 


20'0 


130 


62*0 


i5'o 


93 


1878 


41-3 


i8-o 


"7 


62*0 


i8-9 


164 


1879 


34-6 


21*6 


127 


585 


12*9 


88 


1880 


36*0 


24-3 


130 


6o-6 


24-2 


153 


1881 


377 


177 


no 


61-2 


i6*6 


149 


1882 


40-8 


21*2 


190 


590 


i6'3 


134 


1883 


41-5 


1 6*2 


117 


6o*3 


I2'I 


94 


1884 


42-2 


177 


"45 


62- 1 


17-3 


171 


1885 


406 


19*8 


154 


6o-C 


i6'3 


121 


1886 


363 


177 


126 


6i*o 


15-3 


»53 


1887 


366 


i6*o 


118 


62-8 


15-2 


H3 


1888 


367 


i6-6 


113 


58-6 


IO-8 


83 


1889 


33*3 


i6'o 

1 


126 


6ri 


137 


126 


1890 


38-8 


! 22*2 


192 


596 


147 


' 142 1 




1 


From Buria 


Is. 
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compared with the nnmber of deaths in January, Febmary and March, and 
the mean temperature of the months of June, Jaly and Angast, and compared 
with it the deaths in July, August and September. 

During the period included in this table the population of Croydon has 
increased from 14,885 in^l887, to 79,615 in 1881, and the population is now 
estimated by the local authority at over 100,000, a figure, however, which 
in my judgment is too high. 

Although cold is shown to affect health, yet, in all probability, cold is not 
an important factor as affecting the health of children under five years of age. 
This has clearly been demonstrated by the fact that the death rate of children 
in cold countries, such as Norway, is absolutely less than that of England, 
while in a warm country like Italy the death rate of children is higher than 
that of England. This latter fact is doubtless partly due to the influences of 
high temperature, but in the study of the influence of ground water it is found 
that the deaths of children increase in a remarkable degree at the period of 
low ground water, and the death rate fluctuates in a singular manner compared 
with the variation in the annual amount of ground water, the rate being 
least with the highest and greatest with the lowest ground water. 
Consequently, if the ground water is plotted on a diagram with ordinates 
upwards, and the death rate with ordinates downwards, there will be found to 
be a remarkable parallelism between the lines.^ We often have the lowest 
ground waters in the months of the lowest temperature, and, therefore, it 
becomes necessary to separate the influence of cold from that of lowness of 
ground water. This country has had the most unhealthy periods when the 
ground water has been at its lowest. The following table shows the death 
rates of England and Wales in the first quarters of the respective years, 
embracing all the known general low water periods that have occurred 
since the Registration of Deaths was established. 

Dbath Bates, Enolahd akd Wales, m Low Wateb Pebiodb. 

First Quarter of Year. 



Year. 


Death 
Bate. 


Temp. 
Green- 
wich. 


Year. 


Death 
Bate. 


Temp. 
Green- 
wich. 


1838 

1845 
1847 
1848 
1853 
1855 
1858 


26*2 

28'5 
27.9 

26-1 

29*1 

263 




35-8 
33-6 

36-8 

40*6 

37.3 
33*9 
385 


1864 
1865 
1866 

1875 
1885 

1888 

1890 


277 
27*0 

26'2 
27-5 
220 
21*2 
231 


38-1 
368 

42*0 

396 

40*2 

36-9 

41-4 



If the death rates given in this table be compared with the average tem- 
perature of the period, it will be seen that there are other influences at work , 
apart from temperature, affecting disease and producing death, and it may 
be said with reference to these observations, that up to the year 1875 the 

^ This is shown in Plates 1 and 2. 
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mortality of England and Wales in any quarter of the year (with the ex- 
ception of the Septemher quarter of 1849, when cholera was rife*) was at 
these particular periods of low water greater than at any other time. 

It is well known that heat and cold limit the area of particular diseases, 
and that the temperature of the ground has also an essential hearing on the 
causation of disease. Heat has also a tendency to reduce ground water, and, 
on the other hand, intense cold has a similar effect, as in time of frost the 
surface waters are frozen and percolation is stopped. 

In the study of this question, we must also hear in mind that the amount 
ef light has a material effect on disease. The healthiest months of the year 
are those in which the sun is for the shortest period helow the horizon ; the 
imhealthy periods are those in which there is the longest period of darkness. 
It has heen well said that ** pestilence walketh in darkness,'* and this is un- 
doubtedly true, for, at present, we know but little of the causation of disease. 
The period of greatest darkness is also that of the greatest amount of perco- 
lation of water through the soil, as it is found that many diseases increase 
during the percolation period and decline as percolation ceases, so that there 
is a parallelism between the periods of darkness and percolation. It is well 
known that in malarious countries, malaria is most active at night, and districts 
which can be traversed with impunity in daylight become dangerous after 
sunset. We have also the experience furnished by Arctic Expeditions. 
n.M.S. Assistance was 94 days in winter darkness in the Arctic regions in 
the Expedition of 1850-51, and when the health of its crew is compared with 
that of the Alerts in the last Arctic Expedition, which was 142 days in polar 
darkness, it was found that scurvy was very much more rife in the ship the 
longer exposed to the influence of darkness, although both vessels were on 
an equality with regard to provisions and other matters. 

Dr. Macnamara has observed in India that cholera cases were always most 
numerous when the sky was overcast, and in this country it has been ob* 
served that more deaths take place while the sun is below the horizon than 
when it is above the horizon. We must, therefore, in studying this question 
make allowance for the periods of darkness, and must eliminate this as a 
probable source of error in judging of the influences of ground water. When 
the question of epidemic disease is studied, it will be found that the black death 
of the 14th century, the sweating sickness of the 16th century, the plague 
of the 17th century, and in modern times cholera, typhoid fever, scarlet 
fever, dysentery, diphtheria, all follow the same track, having the same sea- 
sonal fluctuations. We may, therefore, look to some common cause favouring 
the development of these particular diseases. 

In studying the question of disease, we must also bear in mind that the 
conditions which affect mankind also influence the health of cattle. When 
this is more generally known, probably greater attention will be paid to the 
means of preventing loss amongst the stock of the country, even if the health 

' I am not certain that in these years the population of the country was not over 
estimated, and that it consequently appears to be more thrn was really the case. Tho 
ground water was certainly not so low as in other years given in this table. 
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of man is neglected, for it is curious in an enlightened country like England, 
in which sanitary science has had its origin, that a Minister of Agriculture, 
who looks after the health of the cattle, should he appointed hefore we have 
a Minister of Puhlic Health for the population. 

Disease is undouhtedly more potent and strongly marked amongst the 
yonng. Now it would be impossible in the course of such a paper as this to 
draw attention to the influences connected with every disease. I, therefore; 
only propose to direct your attention more particularly to what are known 
as zymotic diseases, the general death rate, and the mortality of children under 
5 years of age. 

The question may be asked, What is ground water ? The answer is. All 
water which is found in the surface soil, except such as may be in chemical 
combination with the materials forming the crust of the earth. It is mainly 
derived by percolation from rainfaU ; the ground becomes wettefl, and when 
fully saturated in porous soils, water passes through and lodges in the 
lower portion of the strata and becomes the free water which we measure in 
wells in order to ascertain its relative height from time to time. Ground 
water is also produced by condensation : whenever the ground is colder 
than the air, a certain amount of vapour is condensed within the pores of 
the surface of the soil, and this is partially given off at those times when the 
soil is warmer than the air, especially at night. In dry countries ground 
water is principally supplied by the infiltration from rivers, as for example in 
the Delta of the Nile. In some strata, the whole of the ground water is held 
by capillarity, as in clay and other soils and in rocks of close texture, whilst 
in others it is held both by capillarity and as free water, and this 
ordinarily is termed the ground water. The free ground water may be 
increased by water passing from the superincumbent strata, in which it is 
held by capillarity, even without rain, as in the case of a rapid fall of the baro- 
meter. The free water of the ground is a very active agent, and may become 
the direct vehicle for conveying to unlimited distances the active properties of 
disease. This free ground water rises and falls, as a rule, every year, forming 
a wavelike profile, when plotted as a curve, the rise being much more sudden 
than the fall. It is also always moving in particular directions. As a rule 
it moves in the direction of natural outlets, ^ich may be either the sea, 
springs or rivers ; its greatest mnplitude of fluctuation is at the most distant 
point from its point of escape, while its least range of fluctuation is close to 
the point of discharge. As a rule, when there is a large quantity of water in 
the ground a large quantity is discharged, and vice versa with small quantities. 
It should be noted that most of our old cities and towns are located upon 
porous soils in which usually there has been water in the subsoil. This 
has, no doubt, been often done as a matter of convenience for the water supply, 
and in those periods when such underground waters were exclusively relied upon 
to famish a supply of water to the inhabitants, epidemics and diseases of 
various kinds were very much more rife and fatal than at the present time, 
when in the principal towns of the country such sources of water supply have 
be^ abolished. The uechanical effect of rain passing into the ground has 
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also on influonce in dissemiBatmg disease, because the groond always contains 
air, and the rainfall cannot occupy the space previously occupied by this 
ground air without expelling it. This air more readily escapes into our 
houses, the porous passages to which are left open, being protected from the 
influence of rain, while those outside the house are sealed by the falling rain. 
On the other hand, all the time that the ground water is diminishing there is 
a tendency for air to be drawn in to occupy the space formerly taken up by the 
water. Upon investigation, it will be found that diseases of a certain type are 
most rife during the period that the ground is Ming up with water and expel- 
ling the ground air, and are least prevalent when the current of air is inwards 
instead of outwards from the ground. Of course these conditions are also sub* 
ject to variation with the changes of barometric pressure. As a rule, the 
amount of free water in the ground cannot with accuracy be estimated by the 
quantity of rain, as the quantity entering the ground depends upon its hygro* 
metric condition ; however, in the absence of other information, the state of the 
ground water may be often inferred from rainfall records. In some years 
it is found that the actual amount of rain which may enter the ground at a 
particular period, as measured by percolation gauges, may be considerably less 
than that flowing off; for if the ground waters are very low, probably more 
will enter the ground than flow off in the same year. As an example, in the 
year 1888, after the low waters of 1887, but 7 ins. were known to have flowed 
off the Croydon Drainage area of the River Wandle, while over 18} ins. 
percolated through a chalk gauge in the same year. Again, in the 
year 1887, only 5 inches of rain passed through the percolating gauges, 
while in that year nearly 9 inches flowed off, the balance being drawn from 
the store previously left in the ground. In some years there is no low 
water, but these are exceptional periods. However, the records from a well at 
Hartlip Place, near Sittingbourne, show that in the year 1829 there was no 
low water, the water rose all through that year up to June 1880, and this was a 
healthy year. In some districts, the fluctuation in the ground water has 
considerable amplitude. It is not unusual to find wells in which the water 
line may within a few months vary over 100 feet between the highest and lowest 
levels. On the other hand, in certain seaside places and towns located 
near rivers the fluctuation is very small, and as a rule the healthiest 
districts are those where there is the least vertical rise and fall of the subsoil 
water, and this is the case in nearly all seaside health resorts. There are also 
examples when an undue elevation of the free ground water, beyond what is 
ordinarily its normal range, may produce all the effects which are noticeable 
after low water periods. Professor Pettenkofer, in his observations at Munich 
and elsewhere, established beyond doubt the coincidence of cholera and 
t3rphoid fever, with low ground water. If we direct our attention to 
American experience, we find the Reports of the State Board of Health 
teeming with information upon this very point, and Dr. Draper says with 
reference to Massachusetts, that the charts show that enteric fever, cholera, 
diarrhoea and dysentery, are more prevalent when springs are low than at 
other periods of the year. Investigations conducted by Dr. G. Buchanan 
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and Mr. W. Whitaker, F.G.S., in 1867, on phthisis in this country,* show 
that an excess of water in the soil increases the death rate from that disease. 
It may he said with regard to all the epidemics of tj-phoid fever in this 
country that, without exception they occur immediately after the periods of the 
lowest water, and as a rule typhoid fever occurs at periods of the year when the 
waters are generally low, and on the rise of the water, usually in the autumn. 

We know that the germs of disease can he carried a considerahle distance 
underground through the soil hy the movement of the free ground water, 
as shown hy the experience at Lausen in 1872. I can also point out a case 
in my own experience in a chalk district in Yorkshire occurring within the 
present year, where polluted water has travelled underground a considerably 
greater distance than in the case of Lausen, and has produced typhoid fever. 

In some districts, the number of disturbances or rises and falls in the sub- 
soil water have a marked influence upon health ; for example, if the health 
statistics of Ohichester are compared with the long record of the well at 
Chilgrove near that city (the observations in connection with which have 
been carried on by Mr. Thomas Wood and his father), it is found that the 
greater number of disturbances which have occurred in the Chilgrove well 
mark the most unhealthy years within the city of Chichester. The year 
1888 may be taken as a recent example, when there were three distinct rises 
and falls in the water of this well in this particular year, and the proportional 
mortality in Chichester was the highest recorded in the last 20 years. 

That the earth itself does exercise a baneful influence on health has 
been well exemplified by the statistics referring to the nnhealthiness of 
collar dwellings, which have also established the fact that ground floors, as a 
nils, are not so healthy as the upper rooms of our habitations. 

The absence of water passing into the ground for a long period naturally 
loads to the lowering of the free ground water line, and may lead to the 
drying of the ground above the water line ; and it is curious to note with 
reference to small pox that the periods preceding such epidemics of small pox 
are those in which there has been a long absence of percolation and consequent 
drying of the ground. On the other hand, small pox is unknown at periods 
when the groimd has never been allowed to dry, or is receiving moisture by 
coudeusation or capillarity. The nature of the soil aflects the results, as in 
percolating gauges it is found that all soils will not record the particular 
conditions of dampness which are favourable to some diseases. 

It should also be noted with reference to the ejffects of ground water upon 
disease that these conditions may be often artificially produced. It is curious 
to note in the first epidemic of typhoid fever in Croydon in 1852, that 
previous to its outbreak the groimd water had been artificially lowered under 
the town 6 feet by the destruction of a mill dam and the construction of a sub- 
soil drain for the express purpose of lowering the ground water, and it is also 
curious to note that Dr. Ncill Arnott, who reported upon this particular 
epidemic at Croydon, gave, in his report, an instance which occurred in the 

> '^l^cport by Dr. Buobanan on the Distribution of Phthisis as affected by dampncES 
Ol the Soil." Tenth Report of The Medical Officer of the Privy Council, IS67. 
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year 1825, where, after the constrnction of a sewer and the drying of the 
ground, which was marked by the drying up of the ponds in its particular 
neighbourhood, an outbreak of typhoid fever occurred. It is a matter of 
common experience that in all old towns formerly ramified with cesspools, and 
often deriving their drinking water from local wells, it is not at all infrequent 
when works of drainage are first introduced having a tendency to lower 
the subsoil water, for typhoid fever and other diseases to occur, and this is not 
unusually ignorantly attributed to the new system of sewerage. 

We possess in this country a number of records with regard to the height 
of the ground water, and these records are multiplying yearly, so that probably, 
when the importance of this question is more appreciated, we shall have a 
further increase. The registration of deaths in this country only commenced 
in July 1887. We have in many parts of the country complete records of 
underground water which carry us back beyond the date when registration 
of deaths commenced, and by comparing the records which we now 
possess with the registrations of deaths, we are able to show that the relative 
height of the ground water has a material bearing on mortaUty. It would be 
impossible, in the limits of an address of this kind, to particularise all the 
various diseases which are influenced by underground water. I trust 
the information about to be given will furnish some useful material to any 
person desirous of studying its influence on any specific disease. I may, 
however, point out to those who are ignorant of the fact, that an in- 
vestigation of this kind has been made in the case of London and New York 
by Dr. Buchan, and Sir Arthur Mitchell, M.D., and the published diagram of 
London mortality shows at a glance the incidence of every class of disease 
which has occurred during a period of many years. It will be apparent to 
any one who will study this document that certain diseases have their allotted 
seasons and conditions under which they are more or less rife. 

The study of underground water shows that certain diseases are more rife 
when the water is high in the ground, and others when the water is low. 
The conditions that bring about and accompany low water, however, have by 
far the most potential influence on health, as all low water years are, without 
exception, unhealthy. As a rule, the years of high water are usually healthy, 
except that it often happens when high water follows immediately upon 
marked low water, that on the rise of the water an unhealthy period fol- 
lows. This has been already referred to and pointed out in the tables, which 
show the very high death rates in the first quarter of all years following 
marked low water periods. The most unhealthy periods are those which 
indicate the first passage of water through the ground. Periods such as 
these are indicated by Dr. Arbuthnot, when he wrote ** The surface of the 
earth being by drought first shut up and afterwards opened by rain.*' He 
also pointed out what is found to hold good in modern times, that the 
breaking up of frosts was followed by the commencement of epidemic dis- 
ease, and he specially mentions the conditions previous to the plague of 
London as being very singular, in a sudden thaw, breaking out after a hard 
winter frost, lasting till nearly the end of March, and the ground covered with 
water from melted snow, while ice and great heat succeeded. 
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Many epidemics, especially of cholera and t^'phoid fever, have been traced 
to particular rainfalls. The remarkable correspondence between rainfall and 
fever lis shown by the diagrams of the outbreak of typhoid fever in Paris in 
1882. The majority of the zymotic diseases follow the period of percolation 
and are most rife in the year of lowest water. 

Low water years are also as dangerous to cattle as to man. The year 1714 
was a remarkably dry year, when only 11*19 inches of rain were recorded as 
falling at Upminster. In that year the burials in Croydon were more than 
double those of the preceding year, and in London the burials rose from 
21,057 in the preceding year to 26,569 in this particular year. Another dry 
year was 1742, when 15*7 inches of rain were recorded at Lyndon. In 
that year the burials in Croydon were almost three times as numerous as 
in the following year, whilst the burials in London were 82,169 as against 
27,488 in the following year. In both these years much cattle died from 
murrain. 

There have even been greater periods of drought recorded than in the 
years mentioned; and without exception they have exercised a baneful 
influence, so, in modem times, the periods of drought mark the periods 
of disease. On the other hand, wet summers are usually healthy. Those 
years in which there has been no low water are those in which health 
has been invariably good. In the year 1829 the records of the well at 
Hartlip Place show that there was no low water at the usual period in that 
year. The waters rose continuously through the year up to June 1880, and 
80, too, with other years in modem times, such as the years 1860 and 1879 
when a similar state of things existed, and these are all healthy periods. 

We must also bear in mind, in studying these questions, that the rates of 
mortality are, by no means, so reliable as the rates of sickness. Unfortu- 
nately, however, in this country we have not the rates of sickness at present 
available. In Japan, however, there is every year recorded both the number 
of cases arising from certain zymotic diseases, as well as the number of deaths 
taking place, and as the seasonal variation of temperature in Japan is 
almost identical with that of our own country, we can observe in that country 
the influences of climate upon particular diseases. So, also, in countries in 
which there is a chronic state of dryness, as in Egypt, it is found that the 
health is materially influenced by the height of water in the ground. A low 
Nile marks an unhealthy period, and the most unhealthy times occur while 
the ground is filling up with water. For example, at Cairo, the average 
height of the Nile for 6 months, from January to June 1888, was 18*88 
metres, when the death rate was 48*1 ; in the same period in 1889 the 
average height of the Nile was 18*5 metres, and the death rate was 49*1. 

It will also be found, in studying this subject, that the districts which 
draw their water supplies direct from the ground are usually most subject to 
epidemics, and disease is much more marked there than in districts in which 
the water supply is drawn from rivers supplied from more extended areas, or 
from sources not liable to underground pollution. In the case of Croydon 
one portion of the district (under three-fourths) is supplied with water taken 
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direct from the ground, whilst the remaining portion is supplied with water 
from the River Thames. It is curious to note that, even so recently as 1885, 
the zymotic death rate in the districts supplied with underground water was 
twice as great as in that part of the districts supplied from the Thames, and 
in this particular year 41 deaths from small pox occurred in the district sup- 
plied by underground water, not one of which is recorded outside that dis- 
trict. 

CJiolera, 

I propose now to deal with the zymotic diseases as affected by ground 
water, beginning with cholera. Cholera is known to attack with the greatest 
virulence places of low elevation, the very sinks of impurity* These places 
have to contend not only with their own local impurity, but with the pollutions 
which are carried by the movement of the ground water from places at a higher 
altitude into them. Cholera ordinarily breaks out when there is the least 
ground water, and a high air and ground temperature is also necessary for 
its development. As a rule, the low positions are favourable to the pro- 
duction of these high temperatures. Dr. Macnamara says, with regard to 
cholera, it is more rife in low alluvial soils, and it advances from east to 
west, or it advances exactly in the direction from the least to the greatest 
recorded falls of rain, and, as a consequence, just in proportion to the 
lowness of the ground water, which will be first lowest in the eastern districts 
and last lowest in the western districts. It has also been observed that 
cholera follows rainfall. After the drought in India of 1860, followed by 
rain in 1861, cholera broke out, and it has been observed by Dr. Macnamara 
and others that rain is connected with the development and dissemination of 
cholera poison, and that in India no wide-spread epidemic can occur unless 
during or after rain ; but, on the other hand, it has also been noted that 
excessive rains will remove the disease, probably by rapid percolation and 
the cleansing of the soil from the germinal matter, or by producing a state 
unfavourable to the development of the germs. It should be noted, with 
reference to the epidemics of cholera in this country in 1832, 1847> 1854 and 
1865, that these periods vv^ro all years of low ground water. 

The following table (p. 12) shows the incidence of cholera and small pox 
in Calcutta for 26 and 29 years respectively. 

It is curious to note the marked parallelism between small pox and cholera 
in India. But this parallelism between these two diseases is not confined 
to that country, nor to those diseases only. In Japan, where the seasonal 
variation of temperature occurs at the same period of the year as with US| 
but has a greater amplitude, they have for six of the zymotic diseases a 
registration of sickness ; and an examination of these sickness returns shows 
the same results as in India. The second table on page 12 shows the rates 
of sickness in Japan for a period extendijag from 1879 to 1887, the population 
of the country being estimated at a little over thirty -nine millions in 1887. 
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It should bo iiulud that cholcrn, as tt rule, has iiot tho sttme luoothly 
incidence as small pox. The question of high tompurature, which mntcrially 
affects cholera, would appear to have, if it has ooy iuBaonco, the contrary effect 
upon small pox as upon cholera, after the conditigiis preceding its oatbrcok 
have been ostablitthed. Whiie the general conditions of ground water which 
bring about cholera also bring about smalt poi, the climatic conditions that 
accompany these diseases ore of an opposite character. 
SmaU Pox. 

Tho trne significance of small pox must be studied probably not ^o niuch with 
respect to our time as to periods gone by, when it was very much more faiiJ. 
It is, therefore, interesting to note that Dr. John Arbutlmot stated with refer- 
ence to small po2, that be found that it was most fatal during hard frosts and 
cold North -co stcrly winds. Small poi is always preceded by a long period 
of dryness of the (around, nieasurcd by tho absence of percolation. It 
should be noted that with reference to the year 1B71, which was a very fatal 
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year, the smallest amount of percolation on record occurred. The register 
at Apsley Mills shows that but 1*86 inches of water passed into the ground 
in the whole of that year, and so it has been with other years, for, taking the 
Croydon records, it will be found in the autumn of 1870 small pox com- 
menced in Croydon after a very dry period, and continued up to the autumn of 
1871. In 1876 an outbreak again occurred after a very dry period, and 
continued until the autumn of 1877, and exactly the same conditions accom- 
panied the outbreaks of 1881 and 1882, 1884 and 1885. It is quite clear 
that small pox only occurs after intense dryness of the ground. Since 
September 1885 there have been no deaths from small pox recorded in 
Croydon, but during the whole of that period (5 years) there has been but 
one month when no measurable qaantity of water percolated through a gravel 
percolating gauge 1 yard deep, and that was in October 1886, a period when 
the ground was naturally moist ; but in 1884, when small pox last broke out, 
it was preceded by 7 months in that year when no measurable quantity of 
water percolated through the same gauge. Haying regard to the relation 
which has been shown to exist between small pox and other zymotic diseases 
which are capable of being transmitted by water and are propagated by 
unsanitary conditions, it is almost absolutely certain that small pox is propa- 
gated and disseminated in the same way as cholera and other diseases under 
the peculiar climatic conditions to which I have drawn attention. 

Typhoid Fever, 

The conditions affecting typhoid fever are capable of definite statement. 
The disease is most prevalent after a dry time when the first wetting of the 
ground or ^'percolation from any cause " takes place. The quality of the 
ground water does not appear to have any influence upon the disease, as shown 
by Professor Pettenkofer, yet all authorities agree that this is largely 
disseminated by well and other waters liable to contamination at low water 
epochs. Typhoid fever is always more rife while the waters are rising in the 
ground than when they begin to diminish. In the first great epidemic of 
fever in Croydon, in the autumn of 1852, which occurred with a very rapid 
rise of the subsoil water, and also after the artificial lowering of the water 
to which I have already referred, it is established beyond doubt that the 
waters in this district had been remarkably low. In the 20th Volume of the 
Proceedings of the Institution of Civil Engineers ^ page 199, attention 
is drawn to the fact that in this particular year the supply of water 
in the River Wandle (one branch of which rises at Croydon) was so deficient, 
that the mills were compelled to be shut down three hours out of every twelve, 
and that there was still a deficiency of water. The low water periods which 
occurred in 1854 are well authenticated, for this particular year was universally 
a low water year. In 1858 there was another low water period, not, however, 
so low as the year 1854. In 1865 and 1866 there was a further epidemic of 
typhoid. Preceding this epidemic the Croydon branch of the River Wandle 
was known to have been absolutely dry, and in 1875 and 1876 was the last 
great epidemic, when again it was reported that the Croydon bnmch of the 
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River Wandle was dry. Since that period no such degree of lowness of the 

springs has been experienced at Croydon, and the sanitary works executed 

since that period have, in my judgment, added mnch to the healthful condition 
of the place. 

I must now direct your attention to the distribution of the cases of fever 
which occurred in the last epidemic at Croydon, and shall compare them with 
the conditions which accompanied the epidemic of typhoid fever in Paris in 
1882. Dr. Buchanan, in his report upon the outbreak of t3rphoid fever in 
Croydon in 1875, gives the distribution of cases throughout each month of 
that year. The epidemic, however, continued through 1876. The figures 
of 1875 show that there were two periods within that year when the disease 
was at maximum intensity, namely, in April — a most unusual period — and in 
October, the disease occurring in the spring of 1875 at a much later period 
than that at which the ground waters ordinarily commence to rise. The 
cause of the outburst at this period of the year is clearly demonstrated, as it 
occurred on the rise of the ground water, which rise had been delayed to the 
period when the disease eventually occurred, as is shown by the records of 
the state of the ground water within the higher portions of the Croydon drain- 
age area, and which show that, after a very low water period, the waters began 
to rise in November 1874, and were rising up to March 1875, when they fell, 
rose slightly in June, then fell and rose again between September and October ; 
there was a fall in November and a rise again in December. The following 
table shows the height of the water in the well at Caterham Lunatic Asylum, 
located near the head of the Croydon Drainage Area, at the dates given, to- 
gether with the number of cases of fever occurring in 1875 and the deaths 
from fever m the three last months of 1874, through 1876 and t'te four first 
months of 1876. 
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It should be noted that the water in Croydon itself, which is some miles 
lower down the valley, would not ordinarily begin to rise until a later period 
than the waters in this particular well. 

In Paris, in 1882, an exactly similar state of things occurred ; an epidemic 
of fever broke out, as shown by the records published by the late M. Durand 
Claye, C.E., after a slight rise in the ground water. All the outbreaks of 
typhoid fever which have been investigated in this country have occurred 
under similar conditions. As a notable example, the outbreak which occurred 
at Terling, a village having a population of about 900 persons, in which, 
between November 1867 and the 13th January 1868, there were 208 cases 
of typhoid fever. It is mentioned by Dr. Thorne, who inquired into this 
epidemic, that all the wells in this village had become dry previous to the 
outbreak of fever, and the disease made its appearance at a time corresponding 
to the first replenishment of the water in the wells, after being so 
exceptionally low. Since 1868 numerous recorded epidemics of typhoid 
fever have occurred, accompanied by exactly the same circumstances as regards 
the state of the ground water, and_ all the great epidemics of typhoid fever 
have occurred in years when the ground water was especially low. 

There has been a considerable amount of evidence collected in Paris, and also 
in this country, showing that outbreaks of typhoid fever can be traced to parti- 
cular dates of heavy rainfall, and clearly establishing the fact that rainfall is 
associated with these epidemics. Consequently, we are not surprised to find 
that there often exists a parallelism between rainfall and typhoid fever. In 
judging, however, of the effects of rain upon the subsoil, the direct measure- 
ment of a well will not give, as a rule, the first indication of the commencement 
of water percolating through the ground, for the simple reason that if the 
quantity passing through is very small, it has no appreciable efiect upon the 
height of the water in the ground itself, for the ground water is like a reservoir 
which at certain periods receives water, but water is also flowing out of it and 
no increase will be visible in the store until the rate of supply exceeds the rate 
of depletion. When, however, we do perceive that there is a check in the rise 
of the waters, or they become stationary, we may conclude that percolation 
has commenced. It may also be a matter of considerable importance to note 
that in all the epidemics of fever which have occurred in Croydon the 
universal testimony has been that women, children, and teetotalers have suffered 
the most, and in Dr. Buchanan's report on the last epidemic of fever it is 
shown that out of every 1,000 houses in that part of the district supplied 
with water taken direct from the ground, 104 were invaded by the disease, 
but in the district outside this area, containing, at least, a fourth of the whole 
population of the place, only 7 per 1 ,000 were attacked.* The significance of 
these facts ought not to be ignored by all who are answerable for the public 
water supplies of our country. 

Diphtheria, 
Diphtheria, according to a communication made at the last International Con- 

1 Most of these cases were children attending the Board School at which ground 
water is sapplied from Croydon. 
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ference on Hygiene at Berlin, like typhoid fever, is propagated by excremental 
poisoning of the ground, and we know it is disseminated almost in the same 
way as typhoid fever. We know that it follows typhoid fever in parallel 
lines, bat the very opposite conditions are necessary for its development to 
those which occur with typhoid fever and small pox. A damp state of the 
ground, marked by extreme sensitiveness to percolation of rain, is the condition 
which is essential to the development of diphtheria. With typhoid, a dry 
ground is essential to development, as we approach one or other of these con- 
ditions, so diphtheria or typhoid supervene. Diphtheria follows typhoid in its 
incidence, and occurs in the percolation periods. In this country, diphtheria 
has not until recent periods been separately registered, for some years it was 
registered as a type of scarlet fever ; and we have no record in Croydon of its 
existence before 1849. Since 1858, however, it has been recorded with 
some degree of regularity. During the whole of the last 5 years the ground 
at Croydon has been in a continual state of dampness, as indicated by the 
records of the percolation gauges, and during the whole of that period 
diphtheria has been more or less rife, and has been generally increasing 
throughout the country. 

Scarlet Fever. 

Scarlet Fever follows the state of the dryness of the ground, which is 
essential for its development, and it occurs in the percolation period. The 
conditions that precede small pox are those favourable for the development 
of this disease. Hence it is most rife in the years preceding small pox. 
Like small 'pox the dampness of the ground for any considerable period in 
any particular locality may check its development, or render it less 
virulent, but it is most rife in low water years. 

Measles. 

It is curious to note with reference to this disease that in Croydon it 
apparently follows the opposite law to that of typhoid fever in the years in 
which there have been epidemics of typhoid fever, as in 1852, 1864, and in 
1875 ; when the conditions were favourable to the development of typhoid, 
there were no deaths, or very few, from measles. This disorder is least 
prevalent at the low water periods, and is mostly rife at and near high water 
periods. In this respect it follows the same course as small pox, and as a 
rule measles is most rife in a low water year, especially following another low 
water year. 

Whooping Cough. 

Dampness of the ground is an essential condition to the development of 
whooping cough. It is a disease which causes a large number of deaths, 
and has been particularly rife during the past five years, during which time 
there has been a marked dampness of the ground. It destroys, in Croydon, 
three times as many persons as small pox, and it is most rife and fatal in all 
those years when small pox is absent. It follows the percolation period iu 
its incidence, increasing with percolation and diminishing as the waters in 
the ground subside, 
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Diarrhasa, 

It is generally supposed that diarrhoea is almost entirely inflaenced by 
high temperature. There is no doubt whatever that high temperature has a 
marked influence in the development and spread of this disease, but by 
comparing the records of any particular years with the temperature, it must 
be observed that there are other influences also at work, and it is found that 
diarrhoea is generally more prevalent in a low water year than in other 
years, that is, that in a low water year with a very much colder temperature 
we get a very much higher death rate from this disease. For example, in 
Croydon in 1854, which was a very marked low water period throughout the 
country, the average temperature for June, July and August was 59^*4. In 
the following year, the temperature of the same months was 61^*1. In 1854, 
the deaths were over five times as numerous from this disease as those 
which occurred in 1855, very clearly establishing the fact that diarrhoea, 
influenced as it is by high temperature, is also amenable to the conditions 
which produce low ground water, and that the organic changes which take 
place at such periods in the ground affect all sources of water (supply, the 
temperature of which, rather than the season, governs the course of diarrhoea. 

Deatlis of Children, 

Whatever errors may exist as to the cause of death amongst children, there 
can be no doubt as to the ages at which children die. In comparing the 
deaths of children under 5 years of age with the state of the ground water, 
it is found that there is in Croydon an exact parallelism between the state of 
the ground water and the death rate of such children. 

General Death Hate. 

It should also be noted that the general death rate of a district is regulated 
by the state of the ground water, in the same way as the deaths of children, 
but in a less marked degree. Years of drought and low water are always found 
to be the most unhealthy. 

In concluding this subject, I desire to impress upon you that the health of 
communities is influenced by the sanitary conditions under which they live. 
Diseases of a virulent type are producible by very opposite climatic 
conditions, but are always most rife and most fatal in those districts in which 
there is the greatest chance of the ground being polluted. It is essential for 
the conditions of a healthy life that the soil upon which we reside should be 
freed from all chance of pollution, and every step should be taken in 
this direction. In studying the causation of disease it is also important that 
very much more attention should be paid to matters referring to the hygro- 
metry of the soil. One would like to see a considerable extension made in 
establishing percolating gauges, and that all Meteorological Observatories 
should possess such an instrument. 

It is abo essential, in the study of the cause of disease, that the registers 
of sickness, which are now required to be taken in many of our towns, should 
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bo published in ample form every year by some anihoriiy, and shoold be 
available for the use of all investigators. I trust that what I have said may 
be of interest, and may be the means of getting enlisted into our ranks 
a larger number of observers, particularly those who can devote their time to 
the elucidation of the various meteorological conditions which affect the 
health of the nation. 



NOTE ON A LIGHTNING STROKE PRESENTING SOME 

FEATURES OF INTEREST. 

By ROBERT H. SCOTT, M.A., F.R.S. 



[Received November 17th.— Eead December 17th, 1890.] 

On my recent visit to the West of Ireland, I Icamt that a remarkably 
violent lightning stroke had occurred within the peninsula of the Mullet, in 
the barony of Erris, Co. Mayo, and I went to the spot to collect what 
mformation I could. 

The occurrence took place January 6th, 1890, in a violent storm of wind. 
I did not visit the place until October 12th, so that I have for the most part 
only hearsay evidence to report. The locality is the fishing village of Tip, 
about one mile from Ballyglass Coastguard Station, on Broad Haven. The 
house struck belonged to Michael Moran, who with his wife were the sole 
inmates. It is a thatched cottage, one storey high. 

At 10.80 p.m. January 5th, 1890, Moran was in bed, his wife was 
standing up. She heard a very loud clap of thunder, and called to her 
husband to get up. Immediately after she was struck down and stunned for 
a short time, a few minutes. The bedroom showed marks of the lightning 
on the walls in various places. 

The next morning it was found that the kitchen adjoining the bedroom 
was not much damaged, but that the sitting room on the other side of the 
kitchen had been completely wrecked. 

The grate was forced out of its setting and thrown across the room. 
Various marks were seen on the walls, and a hole was pierced through the 
wall opposite the head of a crowbar which was leaning against the wall in the 
ac^acent workshop. The hangings on the mantelpiece, &c., were much torn ; 
there were no signs of fire or fusion, except that two comers of a photograph 
on a metal plate standing on the chimney piece were fused ; but the 
photograph itself was otherwise uninjured. All objects of glass or china in 
the room were upset, but only a few of them broken ; a corner was cut clean 
cff a glass ink bottle, without spilHug ink, kc. The most extraordinary 
occurrence was what happened to a basket of op^s lying on the floor of the 
room. The shells were shaitorod, so that they fell rfi' when the eggs were 
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put in boiling water, but the inner membrane was not broken. Tbc eggs 
tasted quite sound. Moran's account is that he boiled a few eggs from the 
top of the basket, the rest were " made into a mummy, the lower ones all 
flattened, but not broken." 

I have referred this latter statement to my friend, Mr. C. W. Boys, 
F.R.S., whose reply is as follows : — 

** I can only conclude from your account of the destruction of the egg 
shells by the lightning, that the action was purely mechanical, the result of 
a detonation among the eggs, rather than electrical. I do not think the 
eggs within would have remained undamaged if the lightning had really 
struck them. 

** It seems very similar to the result of an experiment which I have seen 
in which an egg thrown up in the air and falling on hard turf, was not 
broken, though no doubt the shell at the point of impact was cracked up a 
good deal. 

** The egg was not boiled, for on being thrown up a second time, which 
was not fair, it spread itself about in a way which is not possible with a 
boiled egg." 



Note on the Effect of Lightning on a Dwelling-House at 
Twickenham, September 23rd, 1890. 



By a. BREWIN. F.R.Met.Soc. 



[Received December 2nd.— Read December 17th, 1890.] 

On the 23rd of September, 1890, my house at Strawberry Hill Road, 
Twickenham, was struck by lightning, and it may be of some mterest if I 
briefly state what took place. The storm, which lasted a very short time 
and was accompanied by torrents of rain, came on about 4 p.m., and at 
4.15 the house was struck, the flash being accompanied by a heavy crash of 

thunder. 

The house is in a row of detached houses, of the modern Queen Anne's 
Villa style, all of the same elevation, and there are no tall trees within 
150 yards. It is built with double rooms, the two rooms on the ground 
floor opening into each other with folding doors, which were open. The 
fireplaces of these rooms are against the outside wall, one above the other, so 
that there are two stacks of three chimneys each. 

The stack to the chimneys of the front rooms was cleft down the outside 
for some feet, many bricks thrown down to the groimd, and the roof broken 
in two places by the flash, which a neighbour, who was looking out of window 
at the time, said seemed to separate and strike in several places. Internally 
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the middle (first floor) room of this front set was the only one affected ; every- 
thing was knocked off the mantel -piece — an iron one — , but nothing broken ; 
a spring clock knocked flat on its face was picked up going and apparently 
nninjored. The room was filled with a stifling sulphurous vapour. Two 
children were in it, and when the servant ran in, the little boy of 6 said his 
head had been knocked, and the girl of 10 said she '* felt all over prickles," 
a not unnatural feeling if one receives an electric shock. I should mention 
that, owing to the rain, all the windows wore shut, excepting in the back 
ground floor room. Mrs. Brewin was sitting with two friends in the front 
ground floor room, and that room was uninjured, though it was below the 
room, before described, where the children were. 

The stack to the chimneys of the back rooms was uninjured, but a rain- 
water pipe running outside had a piece cut out on a line with the fireplace of 
the middle (first floor) room. In this room, the tiles of the hearth were 
lifted, and the carpet near them pushed up, and a heavy china slop pail and 
water jug standing near the fireplace were knocked together and slightly 
chipped ; there were no marks on the flooring, but there was a hole of about 
18 inches diameter made in the ceiling of the room below. At first I 
thought this was all caused by the concussion on the pipe outside being 
struck, as no lightning was seen passing out of the back room windows by 
those sitting in the front ; but on taking up the boards there was conclusive 
evidence that the lightning had entered, as the wires to the electric bells 
were cut, fused in several places, and the insulating material stripped off 
them for several feet, and either burnt or pushed back into a heap. All the 
vases and ornaments on the mantel-piece in the back ground floor room were 
upset and knocked over, but none broken. The ceiling was found to be so 
much damaged that it had all to come down. 

It is to be presumed that on this, the back side of the house, the lightning 
came down the chimney of the middle room, passed at the back of the fireplace 
underneath the tiles, and then through the ceiling, fusing the wires on its way, 
and out through the open window ; but still the water pipe being broken is 
unaccounted for, as there was certainly no communication through the wall 
between it and the fireplace. The lightning took no effect on either of the 
top rooms. 



DISCUSSION. 

Mr. Blanford drew attention to the fact that the occurrence described by Mr. 
Scott took place on January 5th, whereas he did not visit the place until October, 
80 that there had been ample time for a certain amount of myth to have become 
incorporated in the relation of some of the incidents. 

Mr. Symons said that the story of the eggs narrated by Mr. Scott, reminded 
him of the fact that the inside skin, which separated the shell of an egg from 
the white, possessed a very good meteorological reputation, it having been used 
years ago for hygrometrical purposes. With the exception of the damage to the 
basket of eggs, there appeared to be nothing extraordinary in the action of the 
lightning as described in either Mr. Scott's or Mr. Brewin's paper. The hole 
knocked in the wall opposite the spot where the crowbar was standing, and the 
upsetting of articles on the mantel-shelf, were quite ordinary occurrences. These 
cases of damage served to show the necessity of houses being protected by 
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lightning conductors. Bells were almost always affected when a building was 
struck by lightning. As regarded the breaking of the rain-water pipe outside 
Mr. Brewings house, it was just possible that the damage might have been done 
some time previously by the action of frost or otherwise, but remained undis- 
covered until the thorough examination of premises was made after they were 
struck by hghtning. Bain -water pipes, provided the joints were good, acted as 
efficient lightning conductors. 

Mr. Brewin said that the piece knocked out of the rain-water pipe was just 
above a joint. 

Mr. Wilson said he understood Mr. Scott to say that the damage to the eggs 
was due to an explosion in the basket. He would like to know what there was 
in an egg which was likely to explode. He related a case of a lightning flash in 
Natal which struck a farm house, when near a powder flask was a pile of new 
cotton shirts on a shelf. A clean round hole was drilled through the whole 
parcel of shirts, without any further damage. 

Mr. Scott said that as there was sufficient electrical discharge to disturb the 
fire-grate and injure the floor, it was possible that the vibration might have 
caused the damage to the eggs. 

Mr. Whipple suggested that Mr. Brewin should obtain an actual measurement 
of the electric force necessary to produce such effects as were seen on the bell- 
wires shown to the meeting. It would also be interesting to ascertain the amount 
of electrical force necessary to blow a hole in a rain-water pipe. 

Mr. Tripp remarked that there might have been moisture in the rain-water pipe, 
and if so, the heat of the flash may have given rise to a sudden generation of 
steam resulting in an explosion and thus damaging the pipe. 

Mr. Marriott said that the two storms described in these papers were 
interesting, as one was a winter storm and the other a siunnier storm. He had 
looked at the Weather Chart for January 5th, and found that there was a strong 
pale blowing at Belmullet, the wind being force 10, and the barometer below 29 
mches. The thunderstorm on that day was no doubt due to the passage of a 
small satellite of the main depression. It was not uncommon to have a thunder- 
storm occurring to the south or south-east of great depressions. 



WIND SYSTEMS AND TRADE ROUTES BETWEEN THE 
CAPE OF GOOD HOPE AND AUSTRALIA. 

By Capt. M. W. CAMPBELL HEPWORTH, F.R.Mct.Soc, F.R.A.S. 

(Plate V.) 



LBeceived October loth.— Read December 17tb, 1890.] 

The trade with Australia carried on hy sailing vessels is still considerable, 
and although most of the steam shipping in the Australian trade proceeds to 
Aastralia by way of the Suez Canal, there are nevertheless a large number of 
eteamships which take the route via the Capo of Good Hope. As it is yet a 
subject for debate as to which is the best parallel for rimning down the 
easting between Cape Point, or the meridian of Capo Point, and that of Cape 
Leenwin, it would doubtless be in a good cause were modern meteorologists 
io take up the subject, and by seeking data and inviting discussion, 
endeavour to arrive at the truth. 
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In recommending the parallel of 39^ S in preference to a higher latitude, 
that most valuable work, The Australia Directory, compiled by Captain C. B. 
Yule, R.N., and published by order of the Lords Commissioners of the 
Admiralty, gives the following in a foot note : — 

" Althouf;;!! the parallel here assi^nied of 39^ S. as beinp; that where ships may 
safely run down tlieir longtitnde, has been objected to by some writers^ on the 
ground that of late years many successful passages have been made in much 
higher latitudes, some even attaining the 55th parallel for the southern point of 
their great circle or composite route, still it has been deemed desirable to ret«dn 
the directions given in foriuer editions of this work, placing before the na\dgator 
the groimds for this decision." 

" It is true that the distance from the meridian of the Cape of Good Hope to 
Bar's Strait, or the south coast of Tasmania, is diminished greatly as every 
succeeding higher parallel of latitude is adopted. For example, the 40th 
parallel has an advantage over the 88th parallel of 380 miles, or nearly two 
days' sailing ; and again the 45th parallel has an advantage over the 40th to the 
extent of 650 miles ; the 50th over the 45th of 480; and so far, the higher the 
latitude of the great circle or composite route adopted, the more advantageous is 
the route in point of distance. But tlie disadvantages attending the selection of 
any high parallel should be clearly understood by the seaman, and more 
especially as regards a passen<Ter ship, or small or ill-found vessel, or one deeply 
laden." 

** Maurv% in advocating the hipfhcr parallels of latitude, says : — * In 
recommending this route, which differs so widely from the favoiuite route of 
the Admiralty, I do it, not because it is an approach to the great circle route, 
but because the winds and sea and the distance are all such as to make this 
route the quickest ; ' and again, * The wdnds to the north of the 40th parallel of 
south latitude are much less favourable for Australia than they are to the south 
of that parallel.* " 

** The evidence in favour of these opinions as to the winds and seas being more 
fa\ourable south of 40^ appears, however, by no means conclusive ; many 
experienced navigators are of opinion that north of 40"* the steadiness and com- 
parative moderate strength of the winds, combined with the smoother seas and 
more genial climate, compensate by comfort and seciurity the time presumed to 
be saved by the shorter route made in the tempestuous gales, the sudden, 
violent, and fitful shifts of wind, accompanied with hail and snow, and the 
terrific irregular seas which have been frequently encountered in the higher 
latitudes adopted." 

" Independently of the extreme severity of the climate occasionally experienced 
in high latitudes, there exists the lurking danger of disrupted masses of ice, and 
icebergs of larger diniensions. The absence of approximate positions of these 
dangers cannot be depended on for any season of the year ; they are, however, 
rarely encountered north of 40"^ south, except in the vicinity of the Cape of Good 
Hope. Letwecn 40° and 45' south, they have been occasionally fallen in wath, 
extending as far as the 65th meridian of E longitude ; on the 45th parallel as 
far as 135° E ; and on the 50th parallel extending to 140° E." 

I have given the quotation at length because of importance in showing 
what a wide divergence of opinion existed upon this question between two 
such eminent authorities ; a divergence of opinion which exists at the 
present time amongst the navigators of the South Indian Ocean. 

It is with the object of raising discussion upon this subject that I now 
bring this paper before the Royal Meteorological Society, and although the 
data I have collected with a view of arriving at some conclusion upon the 
subject at issue is of course far too limited for such pretensions, yet I 
venture to hope they may advance some proofs in favour of the routes 
usually adopted by me, and which I now presume to recommend. I say 
*' routes " advisedly, because to the parallel adopted in summer with 
advantage, it might during winter months be inadvisable to adhere. 
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Through the kiudncss of Messrs. Wm. Miiburn ami Co., I have had access 
to the log books of mauy of the steamers of the Anglo -Australasian Lino, on 
voyages to Australia via the Cape of Good Hope, of which, in addition to 
those voyages I have myself made between the Cape and Australia, I n6w 
submit a brief abstract, dealing of course with those portions only which 
appertain to this subject. 

In this abstract and the accompanying diagram which has been drafted by 
me for this purpose, there is roughly given the direction and force of the 
wind ; when necessary, the direction and disturbance of the sea, and the 
state of the weather experienced in the latitude of each succeeding interval of 
ten degrees of longitude between the 20th and 140th meridians of east 
longitude, in a lino devoted respectively to each steamer whose log has been 
summarised. These log books have not been selected ; those which are not 
of my own voyages have been taken haphazard from amongst a largo 
coi lection. 

In most cases the recorded force of the wind will probably be under- 
estimated ; as when a vessel is running at a high rate of speed before the 
wind, the observer is apt to undervalue it, not taking sufficiently into con- 
sideration the modifying effects resulting from the onward progress of the 
ship. The direction of the wind also, as given, is doubtless subject to some 
error, arising from the aberration caused by the onward progress of the 
vessel. The disturbance of the sea may in some cases be exaggerated or 
under-estimated, according to the trim of the vessel on which the observation 
was recorded, and ergo, her behaviour in a seaway. Absolute accuracy 
therefore is not claimed for these abstracts. 

My own experience and information, gleaned in conversation with other 
commanders of vessels navigating the South Indian Ocean between the Cape 
and the Australian Colonies, led me some years ago to the belief that the best 
parallel on which to run down the longitude would be between the 41st and 
42nd parallels during winter months, and between the 45th and 46th 
parallels during summer months. Additional observation, and the perusal of 
the log books of steamers proceeding between the Cape and Australia, have 
considerably strengthened this belief. 

It is well known that the steady flow of Westerly winds in the South Indian 
Ocean is interrupted, occasionally during summer months, and frequently 
during winter months, by gales of cyclonic or semi- cyclonic origin. 

The centres of these atmospheric disturbances appear to travel to the 
eastward, usually — east of the 80lh meridian — on paths south of the 43rd 
parallel during the winter months, aud south of the 4Gth parallel during 
summer months. Such being the case, in order to keep on the left hand, or 
westerly side, the most favourable route for vcsriols coming within their 
influence would appear to be somewhat to the northward of the 42nd 
parallel in the former, and somewhat to the northward of the 4Gth parallel 
in the latter months ; the navigator, by taking this route, would thus make tho 
utmost use of these strong fail* gales, whereas by adopting the more southern 
rontc; there would be a probability of approaching the centre of tho 
depression, or experiencing the adverse winds on the right of its centre. 
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These systems of low atmospheric pressure frequentl)' travel to the east- 
ward, for days, at so low a rate of speed that a full powered steamer running 
on the left-hand side of these centres will often keep up with them for 
hundreds of miles, sometimes overtake them, and not unfrequently leave 
them astern. In July, 1887, the s.s. Port Pirie ran on the left front of 
such a system for upwards of 1,200 Admiralty knots, or nearly 1,400 statute 
miles, and would in all probability have continued under its influence for 
hundreds of miles more, had she continued her onward progress ; but having 
been stopped and hove-to under canvas in order to effect some repair to 
machinery, the trough of the depression within three hours passed the ship ; 
the wind, during a hard squall of wind and rain, flying to the West- south- 
west, and afterwards veering still more to the Southward. The Port Pirie 
had been making about 800 Admiralty knots per day, while in company with 
this system. This instance is cited, because the position of the ship relative 
to the centre of the disturbance could be localised from time to time by the 
appearance of the sky, the veering and backing of the wind, and the 
oscillations of the mercury. 

In May, 1888, the s.s. Port Victor encountered a low level cyclone in 
lat. 88° S., long. 25° E., which she evidently overtook when running to the 
south-eastward. She appears to have crossed the centre, and was then hove 
to ; when the cyclone passed to the south-eastward. The wind having 
moderated, continuing her course to the south-east, the vessel again overtook 
the system, and running to a position north-eastward of its centre, or on its 
left front, was again hove to, this time for twenty-four hours. 

In January, 1889, the s.s. Fort Pirie overtook a cyclonic disturbance 
travelling to the east-south-east in lat, 45° 80' S., long. 44° 2' E, and appears 
to have fallen in with the steep gradients in rear of its centre. With the 
wind at South-west, she ran to the north-eastward, and would doubtless soon 
have run out of the sphere of its influence, but encountering the inevitable 
westerly sea, she had to be hove-to, in order safely to combat the dangerous 
cross sea. 

Yet another instance may be cited here. In July, 1890, the s.s. Port 
Adelaide encountered a cyclone. She first came under its influence in lat. 
87° S., long. 17° E., when steering to the south-eastward. The Westerly 
wind which had been experienced since the trades were lost in 26° S. had 
died away, and a breeze had sprung up fresh from south-east with falling 
mercury. Skirting the system on the edge of its right side, the vessel 
crossed its right front, the wind veering through East to North, and 
increasing rapidly. 

The cyclone which up to this time would appear to have remained almost 
stationary, now gained on the vessel, and the wind at North-west blew a 
Strong gale in lat. 89° 30' S., long. 22° E. 

From this position to the meridian of 86° E. in the same parallel, a strong 
to whole gale was experienced veering and backing between West-north-west 
and West-south-west, according as the disturbance gained or lost on the 
position of the steamer. The wind then backed to North-west, and 
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freshened with a fast falling harometer, and very ugly appearance ; the soa 
rapidly increasing. The vessel was hove to, i,e. brought with her head to 
the sea, the engines going dead slow. For about an hour after noon — ^the 
vessel having been hove-to at 6 a.m. — the wind was moderate, the mercury 
still fisdling. Then a furious gale with squalls of hurricane force, accompanied 
with a tremendous sea was experienced for fourteen hours, the wind veering 
gradually to South-west, at which point it commenced to moderate. 

Many vessels which, in winter, have proceeded to the eastward south of the 
42° parallel, have experienced some Easterly winds, presumably from having 
been on the right side of the centre of areas of low pressure ; at any rate 
there is strong evidence for the supposition that the lower the latitude the 
less chance there will be of encountering an Easterly wind. North of the 
42nd parallel an Easterly wind has not been met with, in my experience, 
between the 80th and 120th meridian of East longitude. 

The winds on the right hand side of the depression which traverse the 
Southern Ocean are found usually to be moderate ; the gradients, it may be 
presumed, being slight, owing to the permanent low pressure lying to the 
southward. However, the s.s. Port Pirie in the month of June, 1889, in 
latitude 43° S. and longitude 85° E., encountered a very heavy gale from the 
North-east, there being every indication that she was at the time on the right 
front of a cyclonic system. 

Although it is probable that the force of the wind, in most cases, will not 
be found to be greater near the centres of these systems, a near approach to 
them is to be avoided ; for instead of the steady gale and even sea experienced 
well to the northward of them, a dangerous cross, or confused, sea would be 
encountered, and in consequence of the greater incurvation of the wind near 
the centre on the left front, its direction would be North, or even North-north- 
east, instead of North-north-west or North-west, on their approach, and the 
shifts of wind would bo very sudden. 

The synopsis deduced from the survey of the log books which I have 
summarised tends towards proof of the exemption from Easterly winds, and 
the comparative moderate strength of the gales north of the 40th parallel. 

According to the newspaper report, the s.s. Damascus in August 1890, 
experienced Easterly winds from the Cape of Good Hope to the meridian of 
Cape Leeuwin, the 44th parallel being adopted for running down the longitude. 

In July 1886, the s.s. Port Pirie, running down the easting in the 89th 
parallel, experienced nothing but Westerly wind, while the s.s. Port Phillip 
in the 48rd parallel was encountering a succession of Easterly winds at the 
same time. 

My abstract shows that durmg the months of April, May, June, July and 
August, in the parallel of 42° S., and north of this parallel, three Easterly 
winds have been experienced in six voyages ; south of this parallel nineteen 
Easterly winds in seven voyages ; that during the months of January, 
February and March, in the 44th parallel, and north of this parallel six 
Easterly winds were experienced in three voyages ; south of this parallel three 
in two voyages. The Easterly winds thus noted have lasted from twelve 
to forty-eight hours. 
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Month. 



Steamers. 




Highest 
Lat. S. 



January 



•I 



*> 



February 
March 
April 
May 

i» 

Juno 

July 

i» 

»» 

II 

August 

II 
ti 



1887.... 
1 000 • • • • > 
1889. . . . 
1887 

I Ooo • • . . 

1888.. ..i 

1887 

1887.... 

lOoO. • • . 
1889....' 
1889.. . .' 
1886 .... I 
1 000 .... 
1889.... 
1890.. . . 
1887.... 

looo. . • . 

1889 



Port Pirie . . , 
Hankow . . . 
Port Pirie . . . 
Port Pino . . . 
Port Darwin. 
Port Denison 
Port Adelaide 
Port Jackson 
Port Victor . 
Port Victor . 
Port Pirie . . . 
Port Pirie ... 
Hankow . . . 
Port Dar^'in 
Port Adelaide 
Port Pirie . . . 
Port Phillip . 
Hankow ... 



Force 
8 to 10. 












46 


2 








1 39, 











i 45{ 





I 


3 


; 44 








3 


41 


2 





3 


45 


I 








43 





2 





44 


3 





7 


42 


I 


2 





4^ 


I 





4 


44 


I 


I 


5 


39 


3 


I 





37 


5 








42 


2 





2 


j 42i 


2 


I 


1 


4ii 


3 








45 


3 





1 2 


39 


2 





I 



Should but a genorol idea of the usual track of the centre of these systems 
of low pressure be ascertained for each season of the year, such information 
would bo invaluable to the navigator in tlie ** roaring forties " of the Southern 
Ocean. 

In fourteen voyages on which the easting was made in parallels south of 
40° S., ice was once only met with ; on many of these voyages the easting 
was made south of the 44th parallel. 



DISCUSSION. 

Mr. Blankord said that Capt. Hepworth's paper was of great interest. The 
Btoruis noticed were, of course, not those tropical storms which formed the field 
of Mr. Meldnim's work, but appeared to be similar to those in the Northern 
Hemisphere which cross the Atlantic between the United States and the shores 
of Europe. 

Mr. Scott said that he had been much interested in listening to Capt. 
Hepworth's paper, but thought that his experience of ice had been extremely 
fortunate. The July track recommended by Capt. Hepworth lay in * blue water,* 
as shown on the Admiralty charts, where tnere was not much danger from ice, 
but the route recommended for January traversed that part of the ocean which 
the Admiralty charts showed was dangerous on account of floating ice. January 
was the month when the ice broke away from the South l*ole, and came down 
into a lower latitude. Ho inquired if Capt. Hepworth knew how many ships 
belonging to the New Zealand Company had been reported as missing, probably 
owing to collision with ice, during the last five years. 

Capt. Hepworth said he advocated the parallels of 45° and 46° as the best 
route, because in his experience ice had not been met with. Of course ice was 
more likely to be encountered in these latitudes than in a lower latitude, but the 
danger was very slight. He believed the ships of the New Zealand Company 
went much fiurther south than 46°, and were therefore more likely to encounter 
ice. 

Mr. Bayakd said he presumed that as the Antarctic regions were so much 
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colder, the ice did not break away so soon or to so great a degree as in the 
Arctic regions. 

Capt. Hepworth remarked that he recommended a higher southern latitude for 
the summer months on accoimt of the more favoiurable winds and weather. He 
had not taken the question of ice into consideration, as he had never encountered 
any. 

Capt. Wilson-Barker said that he had been in the region referred to by Capt. 
Hepworth, and had generally run down the longitude at about the 42nd parallel. 
He had never seen ice. The question of the best trade route between the Cape 
of Good Hope and Australia was very important, but he thought it was a matter 
which could not be satisfactorily settled without studying the areas of barometric 
pressure outside the district traversed. 

Lieut. W. F. Caborne, R.N.R. (on being ccJled upon by the Chairman), said 
that, having arrived late, he had not had the advantage of hearing the paper read, 
and, therefore, was not in a position to make any remarks upon it calculated to 
be of interest or value to the Society ; however, he had had a certain amount of 
experience in the region under discussion some years ago, and had never 
encountered ice between the Cape of Good Hope and the meridian of Melboiunae, 
although he had upon one or two occasions travelled along a rather southerly 
route. 

Capt. Maclear wrote to say that he could not be present at the reading of the 
ptapcr, but having studied it and the diagrams, he considered that it confirmed 
the Admiralty sailing directions in recommending the parallel of 89° to 40° S. as 
desirable generally for ships to run down their longitude. 



REPORT ON THE 

PHENOLOGICAL OBSERVATIONS 

FOR 1890. 

By EDWARD MAWLEY, F.R.Met.Soc, F.R.U.S. 



[Head December 17th 1890.] 

All the observers in 1889 have again sent in return^ this year. The 
observations from Usk were, however, not sufficiently numerous to allow of 
their tabulation. Returns Lave also boon received from Mrs. Green, Claugh- 
ton, CatoD, Lancashire, and from Mr. J. HopkinsoD, the Grange, St. Albans, 
Hertfordshire. 

In order to te.*»t the relative accuracy of those returns, I have drawn 
curves to represent the dates of first flowering of the fourteen plants whose 
names are printed in bolder type on the list. These curves, when compared 
with those drawn for the previous year, come out in nearly every case some- 
what smoother. From this it may reasonably be inferred that the observations 
have, as a rule, been made during the past twelvemonth with greater care. 
This I am very pleased indeed to find. Nevertheless there still occur here 
and there discrepancies in the records which are very difficult to understand. 
I will, however, say no more on this point, for with such a small number of 
returns, it is almost impossible to pick out with any certainty, from among 
the trustworthy observations, those which have not been made in accordance 
with the instructions issued by the Society. 
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LIST OF OBSERVERS. 



^ 








ao 

s 


Station. 


County. 


Observer. 


A. 


Babbacombe (Torquay) 


Devon 


E. E. Glyde 




Tiverton 


Devon 


Miss M. £. Gill 




Westward Ho (Bideford) 


Devon 


H. A. Evans 




VVeUs 


Somerset 


The Misses Livctt 


B. 


Killarney 


Co. Kerry 


Yen. Archdeacon Wynne, M A. 




Wicklow 


Co. Wicklow 


The Misses Wynne 


C. 


Pennington (Lymington) 


Hants 


Miss £. S. Lomer 




Backhom Weston (Wincanton) 


Dorset 


Miss H. K. H. D'Aeth 




SaliRbnry 


Wilts 


W. Hussey and E. J. Tatum 




Swanley (Dartford) 


Kent 


C. H. Hooper 




Ealing 


Middlesex 


A. Belt 


i>. 


St. Albans 


Herts 


J. Hopkinson 




Oxford 


Oxford 


F. A. Bellamy 




Northampton 


Northampton 


H. N. Dixon 




Thurcaston (Leicester) 


Leicester 


Rev. T. A. Preston, M.A. 




Belton (Orantbam) 


Lincoln 


Miss F. H. Woolward 




Macclesfield 


Cheshire 


J. Dale 




Hodsock (Worksop) 


Nottingham 


Miss A. Mellish 


E. 


Tacolneston (Wymondham) 


Norfolk 


Miss E. J. Borrow 


P. 


Settle 1 


Yorkshire 


S. S. Burlingham and 


(West Riding) 


The Misses Thompson 


If 


Clanghton (Caton) 


Lancashire 


MrK. E. J. Green 


H. 


Tynron 


Dumfries 


J. Shaw 


I. 


Dorham 


1 Durham 


H. J. Carpenter 



The Autumn of 1S69. 

Daring the first half of September the weather was dry and quite summer- 
like in temperature, thus allowing the harvest to be completed under 
exceptionally favourable conditions. After this time until the end of October 
there seldom occurred either a warm or dry day. November proved on the 
whole very mild, but towards its close there were several keen frosts which 
gave vegetation its first decided check. Both wild and garden flowers were 
unusually plentiful, but suffered a good deal from the rains of October and 
the frequent fogs and humid atmosphere of the last month of the season. 
Owing to the same causes and the deficiency of clear sunshine, the wood of 
fruit and other trees had become only moderately ripened by the end of the 
autumn. The autumnal tints are reported by several observers to have been 
unusually fine. During November the weather in the West of Scotland was 
more unseasonably mild than in any of the other districts. 

Observers' Notes, 

September 1889. — Babbacombe (A.). Streams low. Salisbury (C). 17th. 
Dahlias killed in a nursery garden near the river. Ilodsock (D.). Trees began 
to change colour suddenly quite at the end of the month. Clawfhton (F.). 2l8t 
to 28rd. A very sharp and early frost destroyed all the dahlias and tender garden 
plants. 

October. — Babbacombe (A.). Sycamore defoliated. Pennington (C.) The 
lime and ash had lost all their leaves by the end of the month. Autumnal tints 
very fine. 28rd. Large flocks of green plover seen. Clanghton (F.). 7th. A 
severe storm brought down a great many leaves from the trees. ISth. The woods 
still very lovely with their varied tints. Hips very plentiful, haws less so. 
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NovEMBEB. — Babhacomhe (A.). Autumnal tints very fine in early part of 
month. Trees defoliated as follows. Ist. Horse chestnut. 5th. Wycn elm. 
11th. Common poplar. 22nd. Elm. 25th. Beech and all other deciduous trees. 
Pennington (C.). Birds singing up to 26th. 

The Winter of 1889-90. 

The first winter month was changeable in temperature, but on the whole 
rather cold. There occurred but little rain, and the duration of bright sun- 
shine was small even for December. In the West of Scotland, however, tlie 
weather still continued remarkably mild, primroses and wall-flowers remaining 
in flower in sheltered places throughout the month. January proved 
exceedingly mild, the night temperatures especially being everywhere singularly 
high. Although rain fell at frequent intervals and in excess of the average, 
there was a satisfactory record of sunshine. Many wild flowers were here 
and there to bo found, and vegetation generally was very forward for mid- 
winter. The average dat^ of the flrst flowering of the hazel, taking all the 
stations, was January 15th, which, for the same stations, is a month earlier 
than in the previous year. February, in complete contrast to January, was 
more like a typical March, being cold, dry and sunny, with a great prevalence 
of Easterly winds. This was a splendid month for working the land, and 
kept tlio wheat and other crops well in chock. In fact all vegetable growths 
may be said to have remained throughout it more or less at a standstill. 
The scarcity of Holly berries was one very noticeable feature of this winter. 

Observers* Notes, 

Decehbeb 1889. — Babbacombe (A.)* Many flowers in bloom. Pennington (C.)* 
Primroses used for Church decorations. Holly berries scarcely to be found any- 
where. Claughton (F.). Total absence of Holly berries. 

Januaby 1890. — Bubbacombe ( A.) . Vegetation forward, many flowers in bloom, 
and birds singing throughout the month. Nasturtiums still green. Pennington 
(C.)> Several of the forest trees budding and honeysuckle in leaf. Buckhom 
Weston (C). The grass has already begun to grow, and here and there the 
hedges are bursting. Ealing (G-)* 26th. Saw a Khododendron in flower in Kew 
Gardens. Thurcaston (D.). A very forward month. 8th. Aconites in flower. 
Hodsock (D.). Hazel and Snowdrop earlier than in any year since I began 
observing in 1888. Tacolneston (E)- Song of lark, robin, and both song- and 
missel- thrushes firequent. Great tit heard. 

Febbuabt. — Usk (N.). 13th. Noticed sandpipers about the river here for the 
first time. Wells (A.). Vegetation very forward at end of month. Pennington 
(C). Birds active and fiill of song at the beginning of the month, but more 
quiet as the colder weather came on. 28th. Peach and Nectarine in blossom. 
Ealing (C.)* Found Hazel and Coltsfoot earlier than I ever remember. North- 
ampton (D.). Extremely unfavourable to the progress of vegetation. 22nd. A 
Daphn Mezeremn in full blossom. Thurcastofi (D.). Everything at a standstill, 
I do not remember all plants so long stationary. Tacolneston (F.). During the 
last fortnight aU growth stopped by cold winds. 

The Spring of 1890. 

At tho beginning of March there occurred a series of frosts of very excep* 
tional severity. Over a great part of England lower temperatures wore then 
recorded than at any time during the preceding winter months. As shown by 
Mr. C. Harding in his paper* ** On the Cold Period at tho beginning of March 

1 Quarterly Journal, Vol. XVI. p. 162. 
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TABLE n.-Diri (DiT or 


Tcab) or FiBST Bono u 


D MiouTio* or BnM 


.gja. 


1 


8mo. 


MlOIUTIOB, 


i 


Stations. 


-3 

1 


}^ 


i 

s 


t 1 
llj 


1 
95 

99 

11J 


1 

ii 

..104 

..' 91 
.■ 97 
..103 
143104 
.. 104 
,. lob 
.., 99 

;;3 

140 no 

.. 130 
I4J 104 

.. 106 
.. 114 

.. 117 


ft 

IJII 


-'1 

0,1 


A. 'Babbacmnbo 

,. WoatwaraHo 


7 


loj 


si 










9J .. 






..!»; 




"'1 


„ 
C. 


Wicfclow 

Ppnmngton 

Buckhorn Weaton . . 
BnliBbur? 




89 
106 
106 


116 


14- ..7 

i(U(i6 


119 


D. 






..'«! .. 




Oxford 




89 


.. .» 




1.0 


.. Thnrctoton 1 . 








..I 






„ Belton ' .. loo 

UoccletBeld ]6| .. 

„ Hodsock 'ij'i>4 


39 

41 
i* 

'! 

74 


H7 


16 

30 

3» 


118 138 
.16119 






F. IClanghton 'i^l .. 


'* 


115, .. 






I. 


DDTbum 


♦< 


.. 


"5 




14 


iiSiJi 




"5 



TABLE in.-DATi p^T or Yuit) 01 



r Inacn ua> Fsoa Sriwx, 



District. 


«..».. ;J# » III || ||{| 


1 


, 1 


A. 




..90 


'»7 
'V 

"7 


136 

176 

'75 




" 


B. 

D. 


Killarncy 1 .. .. ' .. 

Wieklow .. 51 114 

Bociihom WoEtoQ ,13] lO IZ5 

SaliBbary 1 .. 34 84 

Swanky 1 .. 58 ,. 

lio'ing jj ■■ 

Bt.AlbiuiB 67 : .. 

Oiiford 4S ■■ 

NoTthuiiptoQ 71 1 ■■ 

ThurcBston .. 


105 
'ji 


w 

93 

'*? 
H 

1 




.1 


UneDlGBtiald 1 .. 94 i 87 


141 114 


:ii 1 ■■ 




f: 
I. 


TacolneBlon 1 .. 5s .. 

ClBOghlon ' .. 110 .. 

I'lirhan, S; 1 .. 


9S 

141 


;:.' 


■J7 





Kngliih Satati of above InteeU. — 1 . Cook Chaler. 1. Honey Dee. j. Waap. 4. Large 
Cabbage Bntterfly. 5. Small Cabbngc Butterlly. 6. Orange-Iiji Batterfl?. 7. Meadon- 
brown Butterfly. 
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TABLE IV.— Ebtimatbd Yield of Fabm Cbops m 1890. 



DcBcripUoQ of Crop. 



•••••• 



5an. J 



Wheat 

Barley 

Oats 

Com Harvest began, 

average Date 
Beans 

Potatoes 

Tomips 

Mangolds 



England. 



A. 

SW. 



••.*••**••••••. 



••..*•* 



• •• ••!•••* 



U. Av. 

Av. 
O. Av. 
225 
(Aug. 13) 
0. Av. 
0. Av. 
U. Av. 
O. Av. 
O. Av. 
U. Av. 



O. 

s. 



U. Av. 
O. Av. 
O.Av. 
220 
(Aug. 8) 
O.Av. 
O.Av. 

Av. 
O.Av. 

Av. 
U. Av. 



Mid. 



E. 



Av. Av. 

O. Av. 0. Av. 

O. Av. 0. Av. 

223 I 222 

(Aug. 11) (Aug. 10) 



P. 

NW. 



O.Av. 
O.Av. 
O.Av. 
O. Av. 
O.Av. 
U. Av. 



O.Av. 
O. Av. 
U. Av. 

Av. 

Av. 
U. Av. 



Ay. 

O.Av. 

O.Av. 

231 

(Aug. 19) 

O.Av. 

O.Av. 

O.Av. 

O.Av. 

O.Av. 

Av. 



I. 

NE. 



Av. 
O.Av. 
0. Av. 

(Aug. 21) 
0. Av. 

Av. 
O.Av. 
O.JLv. 
O.Av. 
0. Av. 



« Description of Crop. 



• • • • 



Wheat 

Barley 

Com Harvest began, 

average Date 

Beans 

Peas 

Potatoes 

Turnips 

Mangolds 

xiay •••*• ..•...•«t..*i«..... 



i 



Scotland. 



H. 

W. 



••..•••.•*••.. 



U. Av. 

Av. 
O. Av. 

(Sep. 4.) 
Av. 

U.* Av. 

U.Av. 

O.'av. 



J. 

E. 



E. 



Av. 
0. Av. 
0. Av. 1 U. Av. 

251 I 261 
(Sep. 8) (Sep. 18) 
O.Av. 



U.Av. 
O.Av. 

U.Av. 



Av. 
Av. 

O.Av. 



Ireland. 



B. and 
G. 

S& N. 



Av. 
0. Av. 
O.Av. 

240 
(Aug. 28) 

. • 

U.* Av. 
O.Av. 

Av. 
O. Av. 






British 
Isles. 



Av. 
0. Av. 
O.Av. 

»3S 
(Aug. 23) 

O.Av. 

O. Av. 

U.Av. 

O.jAv. 

O.Av. 

U.Av. 



Symbols:— 0. = Over. U. = Under. Av. = Average. 

This Tkble has been compiled from Returns sent in to the Agricultural Gatette at 
the end of the Summer. 



1890/* these frosts were most severe on the South-eastern, Eastern and South 
Midland Counties. On the other hand, in the North of England and at the 
eoast stations only moderate frosts prevailed. The areas within which serious 
iiguries were done to shrubs, &c., appear, however, to have been very limited. 
These frosts necessarily gave a check to vegetation generally, for they lasted 
sufficiently long for the ground to become chilled to some depth. After the 
first week the weather remained fairly genial, so that in all districts March 
comes out as a rather warm month. The rainfall was about average, and 
there was comparatively little sunshine. The cold, dry and sunny weather of 
April proved very helpful to all farm and garden operations. Unfortunately, 
however, the frequent night frosts and cold winds proved very destructive 
to the blossoms of such hardy fruits as apples, pears and plums. May war 
another grand month for bringing all trees and plants gradually forward, and 
without serious check. Indeed, taking the Spring [as a whole, it was an 
exceptionally favourable season. 

ySW SSBIES. — ^VOL. zvu. c 
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TABLE v.— Estimated Yield or Fbyjit Cbopb ih 1890. 



Description of Crop. 


England. 


A. 

8W. 


c. 

s. 


Mid. 


E. 
E. 


F. 

NW. 


I. 
NE. 


Apples 

Pears 

Pimns { 


U. Av. 
U. Av. 
Much 
U. Av. 
0. Av. 
0. Av. 
0. Av. 
0. Av. 


U. Av. 
U. Av. 
Mnch 
U. Av. 
0. Av. 
0. Av. 
0. Av. 
0. Av. 


U. Av. 
U. Av. 
Mnch 
U. Av. 
0. Av. 
0. Av. 
0. Av. 
0. Av. 


U.Av. 
U.Av. 
Mnch 
U.Av. 
0. Av. 
0. Av. 
0. Av. 
0. Av. 


U. Av^ 
U.Av. 
Much 
U.Av. 
0. Av. 
0. Av. 
0. Av. 
0. Av. 


U.Av. 
U.Av. 
Much 
U.Av. 

Av. 

Av. 

Av. 
0. Av. 


I 
Raspberries 

Currants 

Gooseberries 

Strawberries 


Description of Cro] 


?• 


Scotland. 


Ireland. 


British 
Isles. 


H. 

W. 


J. 

E. 

U. Av. 
U.Av. 

U. Av. 

0. Av. 
0. Av. 
0. Av. 
0. Av. 


X. 

N. 


B. and 
0. 

SAN. 


Apples ••••••••• •....•• 






U.Av. 
U.Av. 

U.Av. 

0. Av. 
0. Av. 
0. Av. 
0. Av. 


U.Av. 
U.Av. 
Mnch 
U. Av. 
0. Av. 
0. Av. 
0. Av. 
0. At. 


Pears 


Plums 

Baspberries ••••••• 


• ••Aft* 


CnrrantH ..t...t...trtti.i.it«t 




Strawberries 



Symbols: — O. = Over. U. = Under. A v. = Average. 

This Table has been compiled from Retarns sent in to the Oardenert' ChrmieU ftod 
the Qarden during the Autumn. 



Observers' Notes, 

Maboh. — Bahbacomhe (A.)* Vegetation was much injured by the severe firosts 
in the beginning of the month. Wicklow (B.)- Hawthorn and Horse ohestnat 
were in many places out in leaf during the last week. Pennington (0 )• Fruit 
trees in blossom much earlier than usual. Wild fowl very scarce all the season. 
Buck'hojm Weston (G.)- Although the first flowering is no earlier than usual, I 
think the general flowering is. Salisbury (G.). 26th. Leaves of Horse chestnut 
open. Ealing (G.). Vegetation, which had been at a standstill during the first 
half of the month, advanced very rapidly during the remaining fortnight. 
Hodsock (D.). Vegetation nearly a month earlier than usual. 10th. Aprioot in 
blossom. 16th. Peach in blossom. 

Apbil. — Babbacombe (A.). Vegetation forward at the end of month. 5th. 
Hazel and sycamore in leaf. 26th. Common poplar and Field elm in leaf. 
Killamey (B.). But few swallows seen up to end of month. Pennmgton (C). 
At end of month everything looked unusually forward and green for the time of 
year. 8rd. Chestnut in leaf. 11th. Wryneck heard. Buckhom WeBton (C.). 
Foliage forward. Salisbury (C.). Fruit of elms very plentiful this year. 19th. 
Ash in flower. Thurcaston (D.). Very cold nights. Hodsock (D.). A few 
leaves out on beeches at end of month. Tynron (EL). There is an extiuordiiuury 
promise of blossom, especially on the hawthorn. 

Mat. — Babbacombe (A.). Vegetation was forward and the bloom on the 
flowering shrubs and trees luxuriant. Leafing as follows : 2nd, Beech and Wyoh 
Elm; 7th, Lime; 12th, Ash; and 14th, Oak. Westward Ho (A.). 15th. Oaks 
well out in leaf. Wells (A.). Vegetation progressed rapidly early in this month. 
Pennington (0.). Dates of first flowering stul in advance of ordinary years. 17th. 
Cut first rose on waU. Buckhom Weston (G.). Dog Bose in flower earlier thaa 
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in any year sinoe 1882. Eodsock (D.). 14th. Horse chestnut in full bloom. 
Tynron (H.) Slst. Potatoes injured by frost, also ferns by wayside and in fields, 
no such severe frost so late in the spring for many years. 

The Summer of 1890. 

Daring June the weather was somewhat cold and sunless, but on the other 
hand there were many refreshing showers and but few cold nights, so that all 
orops made steady and uninterrupted progress. Towards the end of the month, 
however, there came heavy rains which greatly interfered with the hay harvest. 
July and August, the two months on which so much depends, as they are 
generally the warmest of the twelve, proved this year unseasonably cold and 
very wet. A great deal of the hay crop was consequently badly damaged, 
while much com was beaten down and otherwise injured by the persistent 
and often heavy rainfcdl. In many parts of the country the potato disease 
made its appearance unusually early, and at the end of the summer threatened 
to become general. Flowers were at no time abundant, but many varieties 
remained in blossom a much longer time than usual. The cool showery 
weather £ftvoured the growth of trees, shrubs, grass and roots, as well as that 
of most vegetables. 

Observers' Notes, 

June. — Babbacombe (A.). Haymaking began on the 16th; much hay was 
stacked by the 24th, but the heavy showers which afterwards prevailed interfered 
with the remaining harvest work. Wells (A.). 1st. First grass cut. Penning- 
ton (O* 1st. Grass first cut. Very little hay carried at end of month. 
ThurcasUm (B.). A cold month. Temperatxures below 82° five times indicated 
by grass minimum. Boses much infested with aphides and larvse. Tynron (H.). 
May brought forward, but June has delayed, blossom. Durham (L). 28th. Qorse 
most beautifully in blossom. 

July. — Bahlxicomhe (A.). Haymaking interfered with by wet weather. Com 
crops much laid and injured by frequent redns. Westwara Ho (A.). Very cold 
and wet up to 18th. Permifigton (C). Haymaking famished a feur crop, but it was 
indifferently harvested owing to constant rain. Buckhom Weston (C). The hay 
crop heavy but not harvested in good condition. Thurcaston (D.). Strawberries 
plentifal, and lasted longer than usual. Claughton (F.)* Honeysuckle and wild 
roses very abundant this summer. 

August. — Babbacombe (A.). 9th. Hay harvest finished. Com harvest much 
interfered with by continuously showery weather. Pennington (C). Harvest 
operations much hindered by unsettled weather, and at end of month much still 
to be gathered in, especially barley. Pastures and lawns green throughout the 
summer. Bees swarmed and worked well early in the season, but suffered from 
the unsettled weather as well as from the inroad of wasps. Wasps numerous, 
butterflies scarce. 

The Year ending August 1890» 

The weather of the autumn, winter and spring, and of the first summer 
month (June) could scarcely have been more favourable for vegetation, but 
}n general that of July and August proved altogether as unpropitious. 
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DISCUSSION. 

Mr. Blanford inqtiired whether any steps had been taken to ascertain an 
average date of flowering, &c., of the various plants for the purpose of comparison. 

Mr. Wilson said, respecting the question of average date of flowering, that 
one element of error might be eliminated by obs^ers cultivating the wild 
flowers to be observed in their own garden. It was curious how one individual 
plant or tree was invariablv ahesd of all others of a similar kind. There was a 
Horse chestnut tree in OBrpenden Village which was always a week or two 
earlier in leafing and flowering than others in the district, and so Cbut as he knew 
its position was not more favourable than that of other trees. As regarded the 
crops, wheat grown at Bothamsted in 1890, on a field dressed with fiurm-yard 
manure, gave an exceptionally good crop, the highest of the forty years during 
which records had been kept. Apples and pears were scarce ; plums very scarce ; 
strawberries very abundant ; gooseberries and currants about average ; peaches 
good. He thought the plan followed at Montpellier, of having the test plants 
near the thermometer screen and regularly inspected, was the only safe one. 

Mr. Tbipp thought it would be interesting if avera^^ could be obtained. 
There was a valuable table of averages given in the Cobham JoumaU, kept by 
Miss Molesworth, but of course that would not be suitable for comparison with 
all places, as the average dates would vary in different districts. It would be 
interesting, too, to find out with regard to the potato crop, how fieur certain 
districts and certain different classes of potatoes were affected. 

Mr. Stmons gave a short history of tne phenological observations, and stated 
that the matter had been brought under the notice of the Scientific Soeietiee' 
Ck>mmittee of the Britie^ Association at their meeting in the past autumn, when 
a long discussion had ensued which he hoped would result in the co-operation of 
the various local scientific societies scattered throughout the country. Pheno- 
logical observations were much fiEurther advanced on the Continent than in 
England. The question of the cultivation of plants had been argued over and 
over again, but there was this to be said about it, that a^ cultivated plant is 
taken away firom its natural conditions, and placed amid artificial surroundings. 
At Montpellier tibere was a little garden of cultivated plants in dose proximity 
to the thermometer screen, and it was the duty of the observer to note the daily 
progress of these plants. He was not prepaj*ed to say whether the plan was 
worthy of imitation or not. 

Mr. Mawlet, in reply, said that averages were very necessary for the purpose 
of comparison. He had not introduced Uiem into the tables this year as he had 
intended, as it was the last time the same list of plants, birds and insects would 
be used. Next year a new and simpler system of observation would be adopted, 
and he would endeavour to obtain, as far as possible, approximate averages for 
all the plants, &c., on the new list. The observation of cultivated trees and 
plants would not be likely to afford comparable results, as the varieties of most 
of them were now so numerous, and the metiiods of cultivation so different. 
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THE CLIMATE OF HONG-KONG- 

By WILLIAM DOBERCK, Ph.D., F.R.Met.Soc. 

(Abstract.) 



[Received Jaly 30th.— Bead December 17tb, 1890.] 

Thb latitade of Hong-Kong being 22"" 18' N, the Colony is situated within the 

tropics, bat the winter is cool, its mean temperature being about 60°, whereas 

the mean temperature of the summer months rises a little above 80°. There 

is a large and well-marked annual variation of climate, but it is very hot in 

the sun all the year round. Palm trees, pomelos and oranges thrive here. 

Rice, sugar-canes and pine-apples are among the most extensively cultivated 

crops, Chinese fir trees and bamboos grow wild, and the latter attain to great 

size if allowed to grow. Banian trees are also common. Vines do not come 

to perfection as the winter temperature is not low enough to harden the wood. 

In summer the dampness of the air is excessive ; and Europeans suffer 

much from prickly heat, produced in consequence of the heat and dampness. 

The natives are also much subject to diseases of the skin, especiaUy the 

different varieties of Tinea. Malarial fevers and diarrhoea are the worst hot 

weather diseases, the former chiefly of an intermittent type in summer. 

They are worst in August and September, when the Colony is under the 

influence of the high-pressure areas preceding and lying to the north of 

typhoons. In these areas the wind is light and the air descending, so that it 

b stifling, dusty, and probably full, of bacteria. Want of sleep lays the 

foundation for diseases of the brain. 

In autumn the dampness of the air decreases, and the temperature falls 

often rather suddenly when the North-east monsoon sets in. This cause* 

affections of the chest and catarrhs, but there is very little consumption. 

Europeans eijoy almost an immunity from phthisis. Malarial fevers are now 

more of the remittent type. Small-pox is usually endemic, but occasionally 

it assumes an epidemic form, beginning in November and lasting till spring. 

In winter dysentery — the dreaded scourge of the Pacific — occurs. This is 
the worst disease of the Chinese coast, as it tends to become chronic, or 
leads to abscess of the liver, which quickly terminates fatally. Cholera is not 
much feared out here, and does not often occur. In spring, simple continued 
fevers and rheumatism are common diseases. 

The most unhealthy places in the Colony are situated in ravines between 
the hills, near marshy land or paddy fields. In those places the ague is 
deadly. Between one or two thousand feet up on the hills the air is much 
purer, and fever less common and of a milder type, which is, as a rule, easily 
cured by a few doses of quinine. To live at such a height is agreeable, as 
the air is cooler and fresher, although much damper than below, and frequently 
saturated with moisture in the summer. 
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At the tlong-Kong Observatory the cistern of the barometer ia placed 109 
fuet, the bulbs of the thermometers 106 feet, the anemometer 140 feet, and 
the rain-gango 105 foot, above mean Bea-lovel. The bulbs of the thermo- 
mL-birB are 4 foet, the rim of the raiu-gauge 21 inchea, and the cnps of the 
anemometer 45 feet, above the groimd. 

At Victoria Peak the barometer is 1819 foet above mean ssa-Ievel. The 
bulbs of the thcnnomctors are 4 feet, and the rim of the rain-gangs 1 foot, 
above tho groimd. 

Tables I. and II. give the mean results of tho principal elements at the 
Hon(r-Eong Observatory and at the Victoria Peak for the 6 years 1664-1668. 

TABLE I.-HoNO-KoNo On 
(Batomeler 
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TABLE n.— VlCTOMA PUE.— HeTEOBOLOLOOICAL BlBCLTfl, jgg4-8g. 

^arometei iSig ft. above metui Ma-leTel.) 
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The bigfaest temperatnre of the air occnre aboat 2 p.m., and the lowest 
between 6 a.m. and 7 a.m. in winter, and aboat 6 a.m. in siumneF. 

The relative humidity valnea vary iBverscly as the temperature, while the 
actual amoimt of vaponr is greatest a few hoore after Bimset and least shortly 
after Bunrise. In winter there is nearly as mnoh vaponr at the Peak as at 
the Observatory, bat in summer there is leas. 

The amonut of bright sunshine is greatest in November and smallest in 
February. The daily maximum occurs about noon, and there is more son- 
ahine in the afternoon than in the forenoon. 

The hourly intensity of rainfall is greatest about noon and least about 
midni^t, while the rainfall itself ia a maximum shortly after sunriae and a 
tiyinjnuiTn about sunset. Ifost rain falls in June and least in November. 
There falls on an average ^ more rain on top of the Peak than at the 
Observatory, but in September and October, when the rain is chiefly collected 
daring typhoons, there appears to fall less on the top of the Peak. 

Riun falls more frequently at aanrise than at snnset, particularly in summer. 

The mean wind velocity is greatest in spring when the Trade wind and tho 
Easterly monsoon co-oporato, and least in Aagust when the Southerly mon- 
soon is blowing. At the Peak the wind blows nearly as strong during summer 
as during winter. The wind is strong about 1 p.m. and least shortly after 
sunset. This causes, during the hottest months of the year, a secondary 
maximum of temperature shortly after sunset which is particularly well 
marked during cloudy weather. In winter, at times when the North-east 
Trade winds blows strongly, its force is often greatest at night, or during the 
early morning h<niiB. 
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Fogs are common in March, and occur also daring typhoons in Aagast and 
September. Electric phenomena prevail in Aogost. Unosaal visibility of 
distant objects prevails when the air is frequently cleared from dust by 
heavy rain in July. Dew is common in August, when also halos and coronas 
are most frequent. Rainbows are comparatively rare in hot countries, where 
the rain is so heavy and the sun usually too high in the sky. Hail is unknown 
here. 

Cumulus is the common cloud in China. Cirrus is most frequent during 
typhoons, and cumulo- stratus during the hottest part of the year. 

The amount of cloud is greatest in March and least in December. On an 
average there are more clouds at sunrise than about midnight. But looking 
at the different seasons, it is seen that in summer the amount is greatest in 
the afternoon and least about midnight, while in winter the amount is 
greatest during the early morning hours and least in the afternoon. 

The daily maximum of rain was exceeded in 1889, when there fell 22*535 
' inches of rain between 8.80 p.m. on the 29th May, and the same time on the 
80th. 

At the Peak, the minimum thermometer exposed one inch above the grass 
registered below freezing point. That never occurs at sea-level in Hong-Kong, 
but a little farther inland, as at Canton, frost is not unknown. 

The barometric tide is large in winter (when the air is dry) and small in 
summer (when it is damp). The mean diurnal variability of temperature — 
the mean of the differences of temperature of each day and the next — ^is 
greatest in winter. The number of days on which at least 0*01 inch of rain 
fell at the Observatory was a minimum in November and a maximum in 
June and July. The hourly intensity of rain is greatest in July and least in 
February. The directions whence clouds in different levels come, together 
with the wind directions, prove the direction of the wind to veer on ascending 
in the atmosphere. The height of the lower clouds is least in April and 
greatest in November. 

The rate at which the temperature falls on ascending the atmosphere is 
least in March, when the relative humidity is great, and the clouds are low, 
and it is greatest in Jime. 
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PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

November 19tb, 1890. 

Ordinary Meeting. 

Baldwin Latham, M.Inst.C.E., President, in the Chair. 

William Fbedbrick Blat, Claremont House, Highgate, Walsall ; 
Thomas Henbt Newport Davis, Orleton, near Tenbnry ; 
William Greatheed, 67 Chancery Lane, W.C. ; 
Ernest William Greg, Higher Dunscar, Bolton ; 
Joseph Horrogks, 10 Union Street, Southport ; 
William Lawford, M.Inst.C.E., Parliament Mansions, S.W. ; 
Major Somerset Henrt Maxwell, Arley Cottage, Mount Nugent, Co. Cavan ; 
Sir John Shellet, Bart., J.P., Shobrooke Park, Crediton ; and 
BoBERT Stodart Wtld, Juu., M.Li8t.C.E., F.G.S., Liverpool Corporation 
Waterworks, Oswestry, 
were balloted for and duly elected Fellows of the Society. 

The Presidbnt delivered an Address on " The Relation of Ground Water 
to Disease.** (p. 1.) 

On the motion of Dr. Williams, seconded b^ Mr. H. J. Marten, the thanks 
of the Society were given to the President for his Address. 



December 17tb, 1890. 

Ordinary Meeting. 

Henry F. Blanford, F.B.S., Vice-President, in the Chair. 

Trevor Fowler, L.B.C.P., Epping ; 
Arthur Greg, Eagley, Bolton ; and 

Henrt Woolcock, Assoc.M.Inst.CE., Bickerby House, St. Bees, 
were balloted for and duly elected Fellows of the Society. 

Mr. J. S. Harding and Mr. H. S. Wallis were appointed Auditors of the 
Society's Accounts. 

The following Papers were read: — 

" Note on a Lightning Stroke presenting some features of interest." 
By Bobert H. Scott, M.A., F.B.S. (p. 18.) 

" Note on the effect of Lightning on a dwelling house at Twickenham, 
September 28rd, 1890." By Arthur Brewin, F.B.Met.Soc. Qd. 19.) 

" Wind Systems and Trade Boutes between the Cape of Good Hope and 
Australia." By Capt. M. W. C. Hepworth, F.B.Met.Soc. (p. 21.) 

"Beport on the Phenological Observations for 1890." By Edward 
Mawley, F.B.Met»Soc. (p. 27.) 

"The Climate of Hong-Kong." By W. Dobkbck, Ph.D., F.B.Met.Soc. 
(p. 87.) 



OObRES^ND^Ch AND tlOTkfi. 



CORRESPONDENCE AND NOTES. 

BSIUBKABLY Low TeHPEBATUBX ON NoTSKBBB SSth, 1690. 

Mb. B. Bostbon, F.B.Met.Soo., of Beddmgton, Surrey, made the following 
mtoreHtJng notea on the remarkably low temperature which occurred on the 
afternoon of November 28th, 1890 : — 

" Early aju., overcast and snowing, small flakes. Wind East-south-east, 
gentle. Barometer 39'90 ins., rismg. I was stniak with low temperatnro {9.S0 
a.m. Wf-0), with overcast sky and snow. In town at 1.80 p.m. '^en I crossed 
St. J&me«'a Park Uie water waa open and the thermometer opposite Marlborough 
House read !24°'0, but on returning at 8.40 the thermometer read 91'''0, and the 
water was frozen from end to end. I left Victoria at 4.6 pjn. At Balham the 
skv was clearing. At Carshahon the sky was olondlesa witn haze from excessive 
cold; enow mnEical, my beard froze at once, and my ears were very painAil. 
Carshalton pond smoked like a cauldron. In Acres Lane I heard a wood fence 
cracking. I arrived home at 5.1C, and found TninimTiin temperature had been 
S°'8, it was then S'-Q ; the thermometer on the snow had been — 8°'0, it was 
then — S'-O. Mist came up covering sky, and the temperature rose foet ; at 
6 o'clock it was lD°-0; 7 o'clock, 12°-a and cloudy; 9 o'clock, lB°-2; aikd 11 
o'clock, 15'''2. 

" My gardener" told me that ho had seen the temperature 8°'0 in the Btevenson 
screen at 4.45 p.m. ; at 4.80 it was 6°'0 ; at 8 o'clock, 18°-D ; an^ 1 o'clock p.m. 
S3°-0. The sky cleared and the snow stopped about 2 o'clock, the temperature 
then fell very ust after 8 o'clock. The mmimu m must have been about 6 pjn., 
the extreme cold lasting only a few minutes." 



Jamaica Mktbosoloot. 

Mb. Maxwell Hall hoe given in the Supplement to the Jamaica Oatelle, Vol. XEQ. 
No. 82, the results of the meteorolagi(ud observations made at Kingston during 
the ten years ending May 1890. The mean results for the whole period are as 
follows :— 




Febrasry . . 
March .... 

April 

iSy 

July '.'.'.'.'.'. 

Septembei: 
October .... 
Kovember . . 
December ,, 



Tesr.. 






7*-6 
I 747: - 
I 75-8 857 




From June 1880 to December 1886 the readings were token at intervals of 
eight hours, \-iz. at 7 a.m., 8 p.m. and 11 p.m, local mean time ; the daily means 
were aasamed to be the means of the three eight-hourly readings ; but since 
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January 1887, the readings have been taken at 7 aon. and 8 p.m. only ; and the 
daily means were deduced by applying to the 7 ajn. and 8 p.m. readings their 
proper reductions ; and firom the daily means the monthly means have been 
deduced. 

In the seventh colunm of the Table the wind is stated to be South-east, and 
this is in consequence of the regularity of the daily sea-breeze, which is almost 
invariably Souw-east at Kingston. 

The highest temperature recorded during the ten years was 96°* 1 on September 
12th, 1880 ; and the lowest 56''*7, on December 4th, 1887. 



RECENT PUBLICATIONS. 

Ambbican Mbtsobolooioal Joubnal. October-December 1890. Yol. YII. 
Nos. 6-8. 8vo. 

Contains, among other information, the following articles : — ^Cyclical periodicity 
in meteorological phenomena ; by E. D. Archibald (7 pp.)* — Accessory pheno- 
mena of cyclones ; by H. Faye (22 pp.). — State Tornado charts ; by Lieut. J. P. 
Finlev (4 pp.). The State dealt with herein is Nebraska. — ^Temperatures in and 
near forests ; by M. W. Harrington (7 pp.). — Meteorological Congress at Limoges, 
France; by A. L. Botch (6 pp.). This is an account of the proceedings at the 
meteorological section of the French Association for the Advancement of Science 
which was held at Limoges, August 7th to 14th, 1890. — Espy^s Experiments on 
Storm generation ; by Prof. W. Ferrel (8 pp.). — ^The Upper Yukon and the Mac- 
kenzie (14 pp.). — ^The thunderstorms and water spout at New Haven, Conn., on 
October 19, 1890; by H. J. Cox (4 pp.^. — ^Temperature in anticyclones and 
cnrdones ; by Dr. J. Hann (8 pp.). This is a translation of Dr. Hann's paper in 
the Meteorologiiche Zeitschrift^ June 1890. — Observations and studies on Mt. 
Washington ; by Prof. H. A. Hazen (5 pp.).— Cyclones and tornadoes in North 
America ; by J. Brucker (6 pp.). — ^The cooHng of dry and moist air by expansion ; 
by Prof. C. F. Marvin (6 pp.). 

BiBLiooBAFtA Mbteobol6gica Mexicana qu6 comprende las Publicaciones do 
Meteorologia, Fisica del Globo y Climatologia hechas hasta fines de 
1889. Formada por Rafael Aguilab SantillAn. 8vo. 1890. 48 pp. 

This is a valuable catalogue of all the papers bearing on the meteorology of 
Mexico which have been published up to the end of 1889. 

Das Wbtteb. Heransgegeben von Dr. R. Asshann. December 1890. 8vo. 

This number contains a reprint of a very valuable article by Dr. Hann, "Warum 
es auf hohen Bergen kalt ist." Why is it cold on high mountains ? This first 
appeared in the Deutsche Revue. From Dr. Hann's experience in dealing with 
Alpine observations, anvthing firom his pen must command attention, and in the 
present article he deals with the results of solar radiation obtained by VioUe 
and by Langley, and ends by pointing out why table lands are much warmer 
than isolated peaks of the same altitude, and how the essential characteristic of 
mountain peak climate is intense cold in summer and relative warmth in winter. 
He concludes by saying that if a peak of the height of the Himalayas existed 
among the Alps there would be no annual change of climate at the top, the 
winter there would be perpetual. 

MeMOIBS and PbOOEEDINGS of the MaNCHESTEB LiTEBABY and PhUiOBOPUICAL 

SooiETT. Fourth Series. Yol. III. 8vo. 1890. 

Contains two papers on meteorological subjects, viz. (1.) The Levanter clouds 
at Gibraltar ; by J. J. Ashworth. This phenomenon is very similar to the Helm 
Wind of Croes Fell, in Cumberland.— (2.) Meteorology at the Sea-side : by Dr. 
W. G. Black. ^ 
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Mbteorolooiscbe Zeitschrift. Hedigirt yon Dr. J. Hamn and Dr. W. 
EoppEN. October-November 1890. 8vo. 

The principal articles are : — Untersuchungen Uber die Temperatnr and die 
Fenchtigheit der Loft unter, in und Uber den Bamnkronen des Waldes, sowie 
im FreOande; von F. Eckert (7 pp.^. — Beobaohtangsergebnisse der neneren 
forstlich-meteorologisohen Stationen im Deutschen Beione; von F. Eckert 
(11 pp.). These two papers take up most of the October number. The first is 
a summary of a report by Dr. Lorenz Libuman and the author on the results 
obtained from the Austrian forest stations. Some new forms of apparatus were 
usedi the thermometers were Osnaghi's " turn over/' the hygrometers were 
chemical, with aspiration. The chief contrast shown by the results to those of 
German stations is as regards the aqueous vapour at Bied, a station lying on the 
edge of the dry region of the Black Sea, where the wood shows an excess of 
moisture as compared with land outside. The second paper is a detailed 
comparison of the results from German stations inter «e, and with Austrian 
stations. — Isogradienten-Earten fUr die ganze Erdoberflache ; von J. Kleiber 
(11 pp. and 2 plates). This is an attempt by a Russian Professor to give charts 
of the general gradients. The present paper deals only with January, and two 
maps are given, one of the North and South, the other of the East and West 
gradient. In each map two colours are used, one for North to South, the other 
from South to North, and so on. On the map for North and South gradients 
the boundaries between the two regions lie along parallels of latitude, in the 
other map they are less regularly arranged. Charts for July and for the year 
are promised. — ^Die Anwendung des Gesetzes der Flachen auf atmospharische 
Stromungen; von Prof. Max MoUer (7 pp.). — ^Ein Wunsch in Betreff der 
Ergebnisse der Anemometer-Aufzeichnungen : von Dr. J. M. Pemter (2 pp.). 
The author, who has been discussing the anemometrical data from tile s£itis 
and other mountain stations, finds the reductions so laborious that he proposes 
that iJl observatories should publish tables giving the hourly velocity and fre- 
quency for the 16 points of the compass, and he gives a specimen table. 

Philosophioal Maoazins. December 1890. 8vo. 

Contains: — On the General System of Winds on the Earth ; by Werner von 
Siemens (9 pp.). This is a translation of an article by the author firom the 
SUzuMfsberichte der Koniglich preussischen Akademieder Wissencka/ttn xu Berlin, 
Vol. IlKX., 1890. The author sa^s : The theory of the general system of winds 
may be summed up in the following statements : — 

1. All motions of the air depend upon disturbances of the indifferent equili- 
brium of the atmosphere, and tend to oring about its restoration. 

2. These disturbances are caused by the superheating of the strata of air 
lying nearest to the earth's surface through solar heat, by unsymmetric^J cooling 
of the upper layers of the air through radiation, and by the piling up of masses 
of air in motion through obstructions occurring to the current. 

8. The disturbances are balanced by means of ascending currents, which 
possess an acceleration of such a kind that the increase of vdocity of the air is 
proportional to the diminution of its pressure. 

4. Down-currents of equal magnitude correspond to the up-currents, and in 
these^ the velocity of the air is retarded in the same proportion as that of the np- 
flow is accelerated. 

6. If the heating of the lower strata of air takes place within a limited area, 
a local up-flow occurs reaching to the uppermost regions of the air, and presenting 
the appearance of whirling columns with ascending spiral currents of air inside, 
and similarly directed descending currents outside. The result of these whirling 
currents is a difliision of the surplus heat of the lower strata through which the 
adiabatic equilibrium is disturbed, to the whole column of air which took part in 
the whirling motion. 
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6. When the sphere of disturbance of the indifferent (or adiabatic) equilibrium 
is very extended, compromising for instance the whole torrid zone, the equalisa- 
tion of temperature can no longer be effected by local ascending whirling currents, 
but these must comprise the whole atmosphere. The conditions are the same 
as with local currents, viz. an accelerated ascent and retarded descent of the air, 
so that the velocity of the air due to the action of the heat is at the different 
latitudes approximately inversely proportional to the air-pressure prevailing there. 

7. As the air of every latitude rotates with approximately the same absolute 
velocity in consequence of the constant meridional currents which the heat 
produces and maintains, and meridional combine with the terrestrial currents to 
form the great system of currents of air surrounding the whole earth, whose 
function it is to give a share of the surplus heat of the torrid zone to the whole 
atmosphere, by transferring equatorial heat and moisture to the middle and 
higher latitudes, and by originating local air-currents in them. 

8. These latter are due to the local production of alternate increase and 
decrease of pressure through the disturbance of the indifferent equiHbrium in 
the upper strata of the atmosphere. 

9. The maximum and minimum air-pressures are effects of the temperature 
and velocity of currents of air in the higher strata of the atmosphere. 

From what precedes, the investigation of the causes and effects of the dis- 
turbance of the indifferent equiHbrium of the atmosphere may be considered as 
one of the most essential problems of meteorology, and the investigation of the 
geographical origin of the air-currents passing over us on their way to the poles 
as the most important problem in the prognostication of the weather. 

Results of Rain, Rivxb, and Evaporation Observations iiade in New 
South Wales during 1889. H. C. Russell, B.A., C.M.G., F.R.S., 
Government Astronomer. 1890. 8vo. 188 pp. and 4 plates. 

The record of the rainfaU for 1889 shows that the year was a most favourable 
one. In the central parts of the Colony the rainfall K>r the three first months of 
the year was rather Hght, but in much of the Western, Southern, and Coast 
districts the rainfall was fairly abundant in these months, while for the remainder 
of the year the rainfall was abundant with scarcely any exception. All the 
tributaries of the Darling began to rise about the middle of April, and at the end 
of May a second and greater flood came on. 

In May a phenomenal rednstorm came on, particularly in the metropolitan 
district, where it was heavier than any previous rainstorm since 1845. Over 20 
inches fell in four days at the Observatory, and it is noteworthy that from 10 to 
15 mUes west of the Observatory it was much heavier, ranging from 23 to 27 
inches in the same time. Fortunately the heaviest part of this storm was con- 
fined to the Metropolitan district, where, owing to the free course to tidal water, 
no serious floods occurred, but the rain was heavy enough over the Hawkesbury 
and Hunter rivers to produce high floods. The heaviest previous rainfalls at 
South Head, Sydney, were 20*12 ins. on April 29th, 1841| and 20*41 ins. on Oc- 
tober 15th, 1844. 

8tmons*s Monthly Mktborolooioal Magazine. Vol. XXY. Nos. 297- 
299. October-December 1890. 8vo. 

The principal articles are: — ^The Autumn Congresses (8 pp.). This gives 
an abstract of the meteorological papers read at the Meeting of the British 
Association at Leeds in September 1890. — Heavy hourly rainfiEJl on Ben Nevis ; 
by B. C. Mossman (1 p.). — Barometric Depressions ; by Bev. G. T. Byves, 
I^of. H. A. Hazen, Bev. J. Slatter, Bev. W. C. Ley, and W. H. Dines (4 pp.). — 
Hail Insurance (2 pp.). — Sharpest Frost in October for half-a-century (2 pp.). — 
Greenwich mean temperatures ; bv G. von U. Searle (1 p.). — Excessive frost u\ 
llovember (7 pp.)* (See note by Mr. Bostron above on p. 42.) 
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TBANRAOnONS OP THE AmKBIOAN SOCIETY OP ClYIL EnQIMSBBS. VoL XXTTT. 

No. 448. 8yo. 1890. 

This oontains a paper by Mr. F. A. Velschow " On the oaose of Trade Winds " 
(8 pp. and 2 platee). 

Trambaotions op thb Sanitabt Institute. Vol. X. 1888-9. 8yo. 1890. 
876 pp. 

This contains an account of the proceedings at the Congress held at Worcester 
in September 1889. In the Section of Chemistry, Meteorology and Oeology, the 
President, Dr. J. W. Tripe, gave an exhaustive address on " Winds, with some 
remarks on their sanitarv efifects *' (16 pp.). — Surgeon-Major W. G. Black also 
read a paper on " Meteorology at the Sea-side " (12 pp ^ 
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QUARTERLY JOURNAL 



OF THB 



ROYAL METEOROLOGICAL SOCIETY. 



Vol. XVn. APRIL 1891. No. 78. 

REPORT OF THE COUNCIL 

FOR THE YEAR 1890. 

The progress of the Society daring the year has been satisfactory, as Uie 
Papers have been of good quality and sufficiently numerous, the number of 
Fellows has increased, and the income, although somewhat less than in 1889, 
was considerably more than £1,000. The expenditure was, however, in 
excess of the income, owing to the whole cost of the Catalogue being charged 
against this one year. The ordinary office work, including the reduction and 
publication of the returns from the Society's stations, has been carried on 
with regularity, as well as the continued discussion of the phenomena at- 
tendant on the thunderstorm records for 1888-89. 

Neto Premises Fund, — ^In the Report for the year 1889, the Council stated 
that *< the rooms occupied by the Society have been whitewashed, painted^ 
and repaired, and other improvements made in the accommodation, but this is 
insufficient for our wants. A Committee has been therefore appointed to 
make inquiries in the neighbourhood, but the rent asked for suitable rooms 
was too high. In these circumstances the Council have initiated a New 
Premises Fund, by investing the sum of £50 as a commencement towards the 
amount necessary to provide better accommodation. The Council hope that 
many of the Fellows will assist in carrymg out this scheme.*' In 1890 a 
further sum of £50 was contributedi by the Society. Circulars were sent 
out to all the Fellows, and a considerable number, as per annexed list, have 
responded liberally, including the President, who has assisted with £52 lOs., 
the late President, Dr. Marcet, with £50, and Dr. C. T. Williams with £100. 
The total promised, includmg the £100 from the Society's funds, amounted 
to £1,110 18s., of which sum £911 Is. has been paid. This sum is in- 
adequate to the purchase of a long lease of suitable premises, but subscript 
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tions have not yet been received from all the Fellows. The interest upon the 
sum already received, when added to the amount now paid for rent, with the 
£50 which it is hoped will be annually contributed from the Society's funds, 
will enable the Council to take rooms more worthy of the Society, and this 
they expect to do shortly. 

Neic Catalogue of Library. — The Council referred in the Report for 1889 
to the preparation of a new Catalogue of the Library, which was very necessary, 
inasmuch as the last Catalogue was compiled in 1876, and since that year a 
very considerable number of new works had been presented to or purchased 
by the Society. The hope was expressed that it would be completed in 1890, 
and that it would be creditable to the Society and useful to meteorologists. The 
Catalogue has been printed and bound and circulated gratis to every Fellow, 
at a cost of about £260. This has been a heavy charge on the Society's 
finances for the year, as the whole amount has been paid out of income. 

Committees, — The following Committees were appointed as usual : — 

Genebal Purposes Committee. — The President, Secretaries, Foreign 
Secretary, Treasurer, Messrs. Bayard, Brewin, Ellis, Marcet, and Williams. 

EniTiNa Committee. — Messrs. Blanford, Inwards, and Scott. 

Standing Referee on Papers. — Mr. Ellis. 

Annual Exhibition Committee. — The President, Secretaries, Messrs. 
Bayard, Ellis, Scott, and Strachan. 

Wind Force Committee. — The President, Secretaries, Messrs. Chatterton, 
Dines, C. Harding, Laughton, Munro, and Scott ; with Mr. Whipple repre- 
senting the Kew Committee. 

Thunderstorm Committee. — The President, Secretaries, Messrs. Aber- 
cromby, Beaufort, Blanford, Ellis, Inwards, and Scott. 

The Library Catalogue Committee. — Messrs. Eaton, Scott, and Symons, 
with Mr. J. S. Harding, Jiinr., as Editor. 

Annual Kxhihition of Instruments, — The Committee for arranging the 
Exhibition held several meetings, and eventually brought together a very 
good collection of instruments illustrating the application of photography to 
meteorology, and of photographs, &c., which were shown in the Library of 
the Institution of Civil Engineers. The subject was chosen as usual by the 
Council, and there were 96 exhibits, which were grouped as follows — 
Photographic Meteorological Instruments, 11 ; Instruments not previously 
exhibited, 8 ; Models, 4 ; Photographs and Drawings of Instruments, 26 ; 
and Photographs of Meteorological Phenomena, 47. 

Thunderitonn Committee, — As the whole of the funds specially granted by 
the Royal Society for continuing the discussion of the Thunderstorms of 
1888 and 1889 was spent in the early part of the year, application was made 
by Dr. Tripe for a further vote of £30 towards that object, which was granted 
in July. The times of first thunder (or of sheet lightning) for these years 
have all been extracted from the forms, tabnlatod and plotted on maps, in 
addition to the times of the occurrence of hail and of dauiage by lightning. 
The Committee also decided on having diagrams prepared showing the shape, 
path, cloud-motion, etc., of thunderstorms in the south-eastern portion 
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of England, i.e. south of 52° N., and east of 2° W. These are, as far as 
practicable, being prepared by Mr. Marriott as a special investigation, the 
cost of which will bo paid out of the grant. 

Inspection of Stations, — All the stations north of Lat. 62° N., which were 
not inspected in 1889, were visited this year, at a cost of ^£49 14s. 2d., 
towards which the Meteorological Office contributed as usual the sum of ^£25. 
Mr. Marriott reported that the stations, as a whole, were in a very satisfactory 
condition, the observers taking great interest in their work. These visits are 
considered to be of great importance, as observers often do not notice the 
growth of trees, &c. in the vicinity of the instruments, and the eflfects they have 
on the exposure ; and the observers greatly value the inspections. The changes 
in the zeros of the thermometers were not so large as those found during last 
year's inspections. The dry and wet bulb thermometers, as well as the 
maximum, all mercurial, had risen in some instances as much as 0°'4, whilst 
the minimum (spirit thermometers) had gone down 0°'2 and 0°'8 in five 
instances each. Mr. Marriott's report will be found in Appendix m. (p. 68). 
Discussion and Worhimj-up Observations, — The Council have long felt that 
their main object was not, as many suppose, the aggregation of an immense 
number of returns and their publication in the Meteorological Record ; and 
they have from time to time taken into consideration the necessity for working 
up and discussing the observations made at the Society's stations. Part of 
this work has already been done in the Society's office, and Mr. Bayard has 
kindly undertaken the discussion of the observations for the ten years 1881- 
90, which, when completed, will be a valuable addition to the Society's work, 
and justify to a great extent the time and money spent in obtaining, com- 
paring, and reducing the records of the climatological stations. 

Alterations in Stations, — The alterations in the Stations have been moro 
numerous than usual this year. Observations have been discontinued at 
Cramlington and Oakamoor, whilst they have been accepted from Chelmsford*; 
Cromer ; Great Malvern ; Great Thurlow, Suffolk ; Lynsted, near Sitting- 
bourne; Portsmouth; Rothbury; South Molton ; Tunbridge Wells; and 
Wryde, near Peterborough. Observations from these stations will add con- 
siderably to the value of the Meteorological Record, and can be published 
without making any increase in the number of its pages. 

Wi7id Force Committee, — In May last this Committee reported, and the 
Council adopted the Report, that in their opinion simultaneous experiments 
should, if possible, be carried out with the following instruments : — 
Robinson's Anemometer, Kew Pattern ; Richard's ; Dines' Hclicoid ; Air 
Meters; Pressure Plates; Tube Anemometers; and Bridled Anemometers. 
The Committee further reported that until the foregoing experiments had 
been made, they were not prepared to recommend a mode of wind measure- 
ment. The Council refer with much satisfaction to the Paper published 
by Mr. Dines in the Journal on the results of his experiments on Wind 

Force. 

Phenological Observations,— l^r. Mawloy, after consulting some of tho 
most experienced of tho Society's past and present observers, and others 
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interested in the subject, presented a Report to the Council, suggesting that 
more valuable results would be likely to be obtained if the number of plants, 
&o., to be observed were considerably reduced. This Report having re- 
ceived the approval of the Council, new observation forms have been drawn 
up and printed for the future use of the observers. The Council hope that 
the reduction in the number of plants will enable the number of observers 
to be increased, which will greatly strengthen, and add to the value of, the 
annual reports. 

The list of Publications for which the Journal or Record is given in ex- 
change was carefully revised during the year, and the Council believe that 
the exchange is favourable to the Society, as numerous publications of 
Foreign Meteorological Observatories and Societies are thus secured, which 
could not otherwise easily be obtained. 

The Library has been considerably improved during the year, not only by 
the addition of new books, but also of , new shelves in it, as, in spite of the 
withdrawal of a number of non-meteorological books for presentation to 
Societies dealing with the subjects on which they treated, the shelf room was 
and is still most inadequate. 

The Meetings have been very well attended during the year, and the dis- 
cussions well sustained and fully up to the usual mark. If the attendance of 
the Fellows is to be taken as evidence of the vitality of the Society, as well 
as of increasing interest in Meteorology, the Council feel satisfied with the 
result of their labours. 

The usual Table, showing the changes in the number of Fellows on the 
roll, is now presented, and shows that, although there has been a loss of 
11 by death, including one Honorary Member, and 24 from other causes, 
yet the total is 6 above the number on December 81st, 1889. 



Fellows. 


Annual. 


Life. 


Honorary. 


Total. 


1889, December 81st... 


401 


181 


17 

1 


549 


Since elected 


4-89 


4- 2 


• • • 

-i 1 

• •• J 

... 

• a « 


: +41 



-11 

-14 

- 8 

- 7 


Since compounded 

Deceased 


1 *'•' 1 — 

-1+1 

-91-1 


Retired 


-14 

- 8 

- 7 


... 
... 

*• • 


LiftDsed 


Defaulters 


1890, December 81st... 


406 


188 


16 


555 



Deaths* — ^The Council have to announce with much regret the deaths of 
ten Fellows and one Honorary Member. The names are : — 

Charles Octavus Budd, M.A. elected Apr. 16, 1878. 

Dr. C. H. D. Buys BaUot „ June 17, 1874, 

Thomas Henry Davis „ Feb. 21, 1866. 

•William White Day, M.D. „ Dec. 21, 1887, 
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Prof. Samuel Alexander Hill, B.Sc. 

William Henry Paine, M.D. 

Pickering Phipps, J.P. 

Sir Warington W. Smyth, M.A., F.R.S. 

Admiral Sir Bartholomew James Snlivan, K.C.B. 

Robert Tennent, F.R.S.E. 

John Harrison Walker, L.R.C.P. 

Finance, — ^Allowing for the expense of the Library Catalogue and the 
donation to the New Premises Fund as before-mentioned| the Council con- 
sider the financial state of the Society as satisfactory. 



elected Feb. 20, 1884. 

Nov. 28. 1854. 

Jan. 15, 1879. 

Mar. 25, 1855. 
Mar. 16, 1882, 
Nov. 20, 1878. 
Jan. 18, 1888. 



»» 



If 



)> 



»» 



»» 
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Subscriptions promised towards the New Premises Fund, 

JANUARY 21sT, 1891. 



Koyal Meteorological Society... 
Mr. £. G. Aldridge 
Mr. E, B. W. Balme 
Dr. R. Barnes ... ... ... 

Mr. R. H. Barnes, B.A., F.L.S. (in three years) 

Mr. L. L. T. Bateman 

Mr. F. C. Bayard, LL.M. ... ... ... 

Mr. W. M. Beaufort, F.R. A.S. 
Mr. R. Bentley, F.R.G.S. ... 

Mr. C. E. de fiertodano 

Mr. T. N. Blake 

Mr. H. F. Bknford, F.R.S.... 

Capt. E. G. Bourke, R.N. ... 

Mr. W. L. Bourke, AssocM.Inst.G.E. 

Mr. A. Brewin ... ... ... ... 

Miss W. L. Brodie-Hall 
Mr. C. J. Bromhead 
Miss E. Brooke ... 
Mr. £. H. S. Bruce, M.A. ... 

Mr. F. G. Capel ... 

Capt. A. Carpenter, R.N. ... 

Mr. J. B. Charles worth 

Mr. A. W. Clayden, M.A., F.G.S. ... 

Mr. J. Cleminson, M.Inst.C.E. 
Maj-Gen. H. Clerk, R.A., F.R.S. ... 

Mr. R. Cooke 

Mr. W. S. Crimp, Assoc.M.Inst.C.E. 

Mr. 0. B. Cuvilje, F.C.A. ... 

Mr. W. H. Dines, B.A. 

Mr. J. Dover, B.A. 

Mr. E. T. DowBoh 

Mr. P. Doyle, F.S.S. 

Mr. E. E. Dymond, J.P. 

Mr. £. M. ^aton^ Assoc.M.Inst.C.E.... 

Qarried forward ... 



••• 





£ 8. 


d 


• «• 


100 





• a. 


1 





• •• 


2 2 





• •. 


10 10 





... 


3 3 





... 


2 2 





• •. 


10 10 





• •. 


10 10 





• •. 


5 5 





..• 


5 





• a. 


2 2 





• * . 


10 10 





• a. 


2 





... 


1 1 





• •. 


10 10 





... 


1 1 





• •. 


5 5 





• a. 


25 





... 


1 





a.. 


10 





• •. 


1 





• •• 


20 





• a. 


5 6 





• •a 


10 





• •• 


10 





• •a 


10 10 





••• 


5 5 





••• 


3 3 





••• 


2 





• a. 


5 





a*. 


9 





... 


3 3 





. • . 


10 10 





... 


5 6 





. • • 


£313 17 
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Brought forward 
Right Hon. Lord Ebury 
Mr. F. B. Edmonds 
Mr. W. Ellis, F.R.A.S. * ... 
Mr. Franklen G. Evans, J. P., F.R.A.S. 
Mr. F. n. D. Eyre 
Mr. C. C. Farr, B.Sc. 
Mr. R. Field, B.A., M.lnst.C.E. 
Mr. E. E. Glyde ... 
Mr. F. Green, M.A. 
Mr. W. Friese Greene (in two years) 
Capt. W. N. Greenwooa 
Dr. T. E. Hale, B.A. 
Mr. A. J. Hands ... 
Mr. W. J. Harris, M.R.C.S. 
Mr. R. Heap, M.A. 
Capt. C. M. W. Hepworth ... 
Mr. J. J. Hicks ... 
Mr. J. Hill, M.lnst.C.E. 
Mr. H. T. Hodgson, J. P. ... 

Mr. J. Hopkinson, F.G.S. ... ... ;.. 

Mr. H. Homcastle 

Mr. W. D. Howard, F.I .C. ... 

Mr. J. Hunter, Assoc.M.Inst.C.E. (in three years) 
Lieut.-Col. H. S. Knight, F.R.A.S. ... 

Mr. J. R. Knight ... 

Mr. Baldwin Latham, M.lnst.C.E. ... 

Dr. R. Lawson, F.S.S. 

Mr. G. J. Lee, F.R.M.S. 

Mr. R. C. Cann Lippincott ... 

Mr. L. W. Longstaff, F.R.G.S. 

Capt. J. P. Maclear, R.N., F.R.G.S. ... 

Mr. J. Mansergh, M.lnst.C.E. 

Dr W. Marcet, F.R.S. 

Mr. H. J. Marten, M.lnst.C.E. 

Ad miral T. L. Massie 

Mr. E. Mawlev, F.R.H.S. ... 

Mr. H. Mellish, J.P. 

Dr. J. W. Moore ... 

Mr. R. T. Morgan ... 

Mr. L. P. Muirhead (in three years) ... 

Mr. C. E. Mumford 

Mr. R. W. Munro ... 

Messrs. Negretti and Zambra 

Mr. T. H. G. Newton, M.A., J.P. ... 

Dr. G. Oliver 
Miss E. A. Ormerod 
Mr. A. F. Osier, F.R.S. 
Rev. J. D. Parker, LL.D. ... 

Mr. J. Pamell, F.R.A.S. 
Mr. A. A. Pearson 
Mr. C. N. Pearson 

Mr. C. E. Peek, M.A., F.R.G.S 

Mr. H. Perigal, F.R.A.S. ... 

Mr. F. H. Phillips 

Mr. C. M. Powell ... 

Mr. A. W. Preston 

Mr. C. L. Prince, M.R.C.S., F.R.A.S. 

Dr. W. T. Radford, F.R.A.S. 



•.• 



£ s. 


d. 


313 17 





10 10 





10 





5 





1 1 





1 





2 2 





2t 





2 





10 





10 10 





1 1 





1 1 





2 





6 6 





10 10 





1 1 





6 5 





2 2 





2 





5 5 





2 2 





10 10 





9 9 





1 1 





10 10 





62 10 





10 





1 1 





1 





25 





10 10 





10 10 





50 





10 10 





4 1 





5 5 





10 10 





1 





1 1 





3 3 





2 





4 4 





10 10 





5 





5 





10 10 





25 





10 10 





10 10 





1 





1 1 





5 





10 10 





2 





5 





1 1 





3 3 





10 






Carried forward £774 2 
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Brought forward 
Mr. A. R^kin 

Capt. H. £. Rawson, R.E. ... 

Mr. T. F. Read (in five years) 

Mr. C. R. Rivington 

Dr. J. Robb 

Mr. J. Rose-Innes, B.A., B.Sc. 

Mr. A. L. Rotch, B.Sc. 

Sir D. L. Salomons, Bart. ... 

Mr. R. H. Scott, P.R.S. (in two years) 

Mr. S. W. Silver, F.R.G.S. ... 

Mr. J. Gr. Single, M.Inst.C.E. 

Dr. F. G. Smart ... 

Mr. £. J. C. Smith 

Mr. H. Smith 

Mr. R. T. Smith, M.Tn8t.C.E. 

Mr. H. S. Snell, F.R.I.B.A. 

Mr. H. Sonthall ... 

Mr. W. F. Stanley, F.G.S. ... 

Rev. C. J. Steward, M.A. ... 

Lieut.-Gen. R. Strachey, R.E., F.R.S. 

Mr. R. F. Starge 

Mr. G. J. Symons, F.R.S. ... 

BIr. H. S. Tabor (in three years) 

Rev. C. J. Taylor, F.R.A.S. 

Dr. H. C. Taylor, J.P. 

Mr. E. H. Ryan Tenison, M.K.C.S. ... 

Mr. S. Tomlmson, Assoc.M.InstC.E. (in two years) 

Capt. H. Toynbee, F.R.A.S. 

Dr. J. W. Tripe (in two years) 

Mr. W. B. Tripp, M.Inst.C.E. 

Capt. S. Trott 

Mr. W. H. Tyndall (in two years) ... 

Mr. R. Tyrer, B.A. 

Mr. B. C. Wainwright 

Mr. H, 8. Wallis ... 

Dr. J. Walther 

Capt. W. Watson ... 

Mr. B. I. Whitaker, J.P. ... 

Mr. G. M. Whipple, B.Sc. F.R.A.S 

Dr. C. T. Williams, M.A. ... 
Mr. T. Wilson (in two years) 
Mr. E. Woods, M.Inst.C.E. ... 
Mr. H. Wortham, F.R.A.S.... 
Mr. P. Wriffht, F.C.S 

Col. W. S. Young ... 



... 

• .• 

• •. 
... 



... 
... 
... 
... 



•••» 



... 
... 

... 



£ X, 
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2 2 





2 2 





5 5 





5 5 





1 1 





1 10 





6 





10 





10 10 





10 10 





5 





10 10 





10 
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2 2 





2 





10 10 





10 10 





5 





1 





10 





2 2 





10 10 





G 6 





2 2 





2 





10 
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10 10 





2 10 





10 10 





1 1 





10 10 





10 10 





1 





10 10 





1 1 





2 2 





6 5 





5 6 





2 





100 





10 10 





10 10 





2 2 





6 





2 2 





£1110 18 
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APPEN- 
STATEMENT OF RECEIPTS AND EXPENDHUBE 



Recbifts. 

£ f. dl £ t. #. 

Balanoa from 1889 416 5 10 

^obferiptioDS for 1890 671 U 11 

Do, former yean 26 4 

Do, paid in advance 35 2 

liif^ Oompo8itn>D8 •.... • 68 

Entraoee Feei • • . • 54 

849 17 11 

Meteorologiieal Offioe^Copiei of Betnms 120 12 1 

Do. Grant towards Inspection Expenses 25 

146 13 I 

Dindendi on Stock 68 5 

Sale of Pablioations 88 8 

Gnuit for Thunderstorm Inquiry SO 

Mew Fzemifles Fund— Contributions of Fellows 750 7 

Interest on Inyestment 4 1 8 

754 8 8 



£2292 9 9 
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DIX II. 
FOB THE YEAR ENDING DECEMBER SIst, 1890. 



Payments. 

£ s. d. 

Journal, dte, : — 

Printing, Nob. 73 to 70 128 17 6 

ninstrations • 21 19 6 

Authora' Copies 13 18 

Meteorologieal Beoord, Nog. S5 to 88 50 1 

Begistrar-General's Beports 8 8 '0 

PrinHngt dtc, ;— 

General Printing • 33 

List of FellowB 9 12 6 

Library Catalogae 248 10 

Stationery 13 15 11 

Books and Bookbinding 19 7 9 

Office Exptmei :— 

Salaries • 343 

Bent and Housekeeper 48 7 

Furniture, Bepairs, Goals, <ftc 22 4 4 

Postage 64 16 1 

Petty Expenses .... J • 9 11 2 

Befreshments at Meetings • 14 4 

Exhibition of Instruments .« 8 4 7 

ObitrvaHom : — 

Inspection of Stations 49 14 2 

Obierrers at Old Street and Seathwaite 7 2 

Instruments 2 5 

Thunderstorm Discussion • 1114 

Stock :^ 
Porohase of £54 18s. N. S. W. 4 per cent. Stock 

New PremUee Fund : — 
Inyestment of Contributions (including Grant by the So- 
detyof £50) 

Balance:^' 
At Bank (including £37 lis., balance of New Premises 

Fund) 319 10 4 

In hands of the Assistant- Secretary 19 9 8 



£ $, d. 



223 4 



819 6 2 



510 7 2 



70 15 


2 


63 





766 17 


3 


1953 9 


9 



839 
£2292 9 9 



Examined and compared with the Vouchers, and fuund correct, 

J. S. HARDING, Jdnr.. ) .„^..^, 

January 14//i, 1891. 
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APPEX- 



ASSETS AND UABIUTIEB 



Liabilities. 

£ f. d. 

To Sabecriptions paid in advance • 35 2 

„ Grant for Thnnderatorm Inquiry, unexpended 26 14 6 

„ New Premises Fund ••• 858 8 11 

920 5 5 

„ Excess^ of Assets over Liabilities 2^92 5 



£3412 5 ]C 



1 This excess Is czdusiTo of tho yalnc of the Library and Stock of Publications. 



NEW PRE- 



Balanee:^' £ ». d. 

Purchase of £51 58. 8d. Consols, 1889 50 

„ £8000B.0d. n 1B90 766 17 3 

dash in Bank 



£ $, d. 



816 17 3 
41 11 8 



£858 8 11 
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DIX II. — Continued, 



ON JANUARY Ist, 1891. 



Assets. 

£ 8, d. 
"Bj Inyestment in M. S. and L. B. 4} Debenture Stock, 

£800atlS8 1104 

t, InTestment in N. S. W. 4 per cent. InBcribed Stock, 

£654 18fl. at 114} 749 17 2 

„ InTestment in 2i per cent. Consols, £250 at 95] 239 7 6 

„ New Premises Fond. — ^Investment in 2} per cent. Con- 
sols, £851 68. 8d. at 95| 815 2 

„ Subscriptions unpaid, estimated at <..... 25 

„ Entrance Fees unpaid »• 5 

„ Interest on Stock 34 19 2 

„ Furniture, Fittings, &o 35 

„ Instruments 65 

„ Cash in hands of Bank of England (including £37 lis. 

balance of New Premises Fund) 819 10 4 

„ Cash in hands of Assistant Secretary 19 9 8 



£ $, d. 



2908 6 8 



64 19 2 



100 



839 
£8412 5 10 



January 14<A, 1891. 



J. S. HARDING, JuNB., ) . ."""^ 
H. SOWERBY WALLIS, ] ^^^^on, 

WILLIAM MARBIOTT, Assistant Secretary, 



MISES FUND. 



£ 8, (2. 

Grant by the Society, 1889 50 

M » n 1890 50 

Contributions of Fellows, 1890 ##•«.. 

Interest to October 5th, 1890 4 l 3 

„ January 5th, 1891 ••• • « 408 



£ 8. d. 



100 
750 7 



8 1 11 
£868 8 11 



Jamary lith, 1891. 



J. S. HARDING, JuNB., ) , ,., 
H. SOWERBY WALUS, ] ^«««^''*« 

WILUAM MAREIOTT, AfsUtant Secretary. 
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APPENDIX 111. 
INSPECTION OF THE STATIONS, 1890. 

I have visited all the stations north of Lat. 52^. which were not inspected 
last year. The stations, on the whole, were in a very satisfactory condition, 
the observers taking great interest in the work. As I call npon the observers 
without previous notice, I am able to see the stations in their normal condition. 

These visits are of great service, as the observers do not always notice the 
growth of trees, &c. in the vicinity of the instruments, and the effect which 
these may have upon the exposure. The observers ^also greatly value the 
visits, as they look upon them as some recognition of their services to the 
Society. 

The changes in the zeros of the thermometers were not so large as those 

found in the instruments during last year's inspection. The changes were as 

follows : — 

Dry. . Wet. Max. Min. Earth. 

o o o o , o 

4 risen 0*1 4 risen 0*1 8 risen 0*1 5 gone down 0*2 1 risen 0-8 
1 „ 0-2 1 „ 0*2 2 „ 0*8 5 „ 0-8 

1 „ 0*4 1 „ 0*4 

Those changes show that the zeros of mercurial thermometers continue to 
rise, and of spirit thermometers to sink, with age. 

The photographs of the stations which have been taken during the present 
inspection are not so good as those taken last year, the weather at the time 
of my visits being often wet and unfavourable for photography. 

William Mabbiott. 

October 16th, 1890. 



NOTES ON THE STATIONS. 

AsPLET Guise, September 10th, — The thermometer screen, rain gauge, and 
solar and grass thermometers wore moved in May 1890 some distance east- 
south-east of the former site, which had become much sheltered by the 
growth of trees. The minimum thermometer had 0^*7 of spirit at the top of 
the tube. 

Bblpeb, August 16th, — The thermometer screen is somewhat shaded by a 
tree. On testing the thermometers it was found that the maximum had gone 
up 0°*8, and the wet 0^*1. 

Blackpool, August 19th, — This station was not in a satisfiEtctory condi- 
tion. The acting observer had only been in charge a few months, and had 
received little or no instruction as to the reading of the instruments, &c. The 
rain gauge was not properly fixed in the ground. The thermometer screen 
required painting. The minimum thermometer had been broken the day 
before my visit. The sunshine recorder, which is placed on the roof of the 
Pavilion at the end of the Pier, required adjusting, as the trace was not 
parallel with the lines on thp card, 
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Bolton, Awfust 18th, — This station was in good order. Tho anemometer 
had been mounted on a pole in the meteorological enclosure, and appeared to 
be working well. The sunshine recorder required to be made a fixture. Tho 
dry-bulb had gone up 0^*1, and the one foot earth thermometer 0^*8. 

Bubton-on-Tbent, August 12th. — The instruments are placed in an enclo- 
sure surrounded by iron railings in a field on the south side of St. Paul's 
Square. The exposure is very open. The rain gauge was too near the ther- 
mometer screen, and required to be moved about 8 feet further to the south- 
west. The muslin on the wet bulb required changing. Mr. Wells has a 
hollow cylinder bulb grass minimum thermometer which reads 4P lower than 
when first obtained. 

Buxton, August 15th. — The instruments were in good order. The maxi- 
mum thermometer, which some months previously had lost its index, was 
working all right, the index having been set right by the maker. 

Gheadle, August 14th. — This station was in good order. Two trees on the 
Dorth-east and south-east of the rain gauge are growing up, and will soon 
make too great an angle with the gauge. The grass minimum thermometer 
had a little spirit at the top of the tube. 

Gboueb, July 24th. — I called on Mr. Sandford for the thermometers which 
had been used by Mr. Cooper. After some conversation Mr. Sandford agreed 
to continue the observations if a set of instruments were lent by the Society. 
I selected a fresh site for the thermometer screen, the former site being ob- 
jected to as being too conspicuous. The rain gauge will be better exposed 
than formerly. 

Dbiffield, July 19th, — The instruments are well exposed in a large 
strawberry garden. The ground is nearly flat, but rises slightly from south 
to north. The sub-soil is clay on chalk. Tho station was in good order. 

Gbeat Thublow, September 11th, — This station is in the valley of tho 
Stour, four miles north of Haverhill, and ten miles south-south-east of New- 
market. The ground is undulating in the district. The thermometer screen 
is placed on the lawn of Hill House. The rain gauge is on the lawn of the 
Hall. The instruments were in good order. 

Habbooate, July 15th, — The instruments were in the same position as 
formerly, in the private grounds at West End Park. The maximum ther- 
mometer had gone up 0^*1. Mr. Wilson had procured a new verified set of 
instruments which were to be placed in the Bog Valley Gardens, where the 
ground slopes from the north-west to the south-cast. A Jordaiv sunshine 
recorder will also be put up. 

Hhjjnoton, July 24th, — The thermometers were all correct except the 
grass minimum, which had gone down 0^*8. 

lloi^BocKf August 29th, — This station was in good order, and the ther- 
mometers all correct. 

Ebnilwobth, August 12ih, — The minimam thermometer had gone down 
0° 8, otherwise the instruments wore in good order. 

KiBKLAND, August 23rd. — This station was organised in connection with 
the Helm Wind Inquiry. Only the dry bulb and tho thermograph arc in the 
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scrooD. Tho thermograph was not working vory satisfactorily. On testing 
the thermometers it was found that tho dry and wet had both gone np O^'l. 

Lincoln, July 22nd, — ^The electrical thermometer appeared to be working 
satisfactorily. Two of the zincs in the battery were much worn, and wonld 
shortly require to be renewed. The screen for the electrical and check ther- 
mometers was to be painted the next time the painters were on the tower. 
The wot and the check thermometers had both gone ap 0^*1, and the minimnm 
had gone down 0^*2. The rain gauge required a little soldering. 

Lowestoft, July 25th, — The observations 'are taken by Mrs. Miller, as Mr. 
Miller is away the greater part of the year. The minimum thermometer had 
gone down 0°'2. Tlie 1 foot and 2 feet earth thermometers have long tobes 
enclosed in wooden cases, and could not consequently be compared. The 
tubes are not graduated. 

Macclesfield, August IGih, — The thermometers wore all correct except the 
minimum, which had 0*^*5 of spirit up the tube. The thermometer screen 
required repairing and painting. 

Malvebn, August 11th, — The thermometer screen is placed in a terraced 
garden, at the back of BoUo Yue Terrace, and at the foot of the Malvern 
Hills. The rain gauge is on a wall. Considering the surroundings, the ex- 
posure of the instruments is fairly good. The dry had gone up 0^*6, and 
tho wet 0°-5. 

Newton -Reign Y, August 22nd, — This station was in good order. Tho maxi- 
mum thermometer had gone up 0^*1. I could not test the earth thermome- 
ters as they had long tubes buried in the soil. 

RoTHBURY, July 17th, — I called on Mr. Bertram, the bailiff of Lord Arm- 
strong, with the view of getting a station organised at Cragside. I also saw 
Lord Armstrong, who agreed to equip a climatological station. I selected a 
site for the thermometer screen in an open situation. Tho rain gauge, which 
had been in use for some years, was in good condition. I visited this place 
again on August 26th, the day after the thermometer screen had been erected, 
and the instruments put in position. 

RouNTON, July 16th, — ^The thermometer screen required painting. The 
maximum had gone up 0^*3, and the grass minimum had gone down 0^*8. I 
instructed the observer as to tho management of the wet bulb during frost. 

ScALEBY, August 25th, — The wet bulb thermometer was not working cor- 
rectly. After being properly wetted, the thermometer read 3°"4 lower than 
previously. The minimum thermometer had gone down 0°-2. 

ScARBOBOuoH, JuhjlSth, — The muslin and cotton on the wet bulb were not 
in working order. The thermometer screen required painting. I recom- 
mended that the position of tho thermometers in the screen should be re- 
arranged, and also that the currant bushes round the screen should be cut 
down. On comparing the thermometers, it was found that the wet and the 
maximum had both gone up 0°'l, and that the minimum had gone down O^-S. 

Skathw^aite, August 21st. — This station was in good order. The dry had 
gone up 0^-1. As tho index of the Phillips* maximum had got into tho 
bulb, I brought the thermometer away with me, there still being a Negretti 
maximum left. 
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SoMEBLEtTON, July 25th. — All the instrnments wore in good order exoept 
the minimom, which had some spirit at the top of the tube. 

Southwell, August 28th. — This station was in good order. On comparing 
tho thermometers it was foond that the minimum had gone down 0^*2. 

Sutton Coldfield, August 13th, — The Jordan sunshine recorder is 
mounted on the turret of the Town Hall, and has a free exposure. Mr. 
Marston has also a set of instruments in his garden, and takes regular Second 
Order observations. 

ToNBRiDGE Wells, December 19th, — This station is on Mount Ephraim, 
about tho highest part of Tunbridge Wells. The station was in good order. 
The sunshine recorder is mounted on the south comer of the tower of the 
house, and has an excellent exposure. On comparing the thermometers it 
was found that the dry had gone up 0^*6 and the wet 0^*5. 

UsHAW, July 16th. — This station was in goodbrdor. 

Wakefield, July 14th, — The thermometer screen required painting, and 
the fastening of the door to be altered. The funnel of the rain gauge needed 
soldering. The muslin on the wet bulb was dirty. 

WiNDEBiCEBE, August 20th, — The Rev. T. Mackereth has put up his instru- 
ments in his yard, which is somewhat confined. He has, however, made tho 
best of the circumstances, and will no doubt get very fair results. On com- 
paring the thermometers it was found that the maximum had gone up 0^*8, 
and that the minimum had gone down 0^*2. I also saw the Jordan sunshino 
recorder, which is mounted on the roof of the Hydropathic Hotel at 
Bowness ; the exposure is very good. 

Wryde, Jidy 23rd, — ^I called on Mr. Egar to inquire whether he would 
equip his station so as to fulfil the Society's requirements. This ho agreed to 
do. I selected a fresh site for tho instruments, as the existing one was 
rather confined. I visited this station again on September 4th, and saw the 
instruments in their new position. The exposure is very good. On compar- 
ing the thermometers it was found that the dry and wet had both gone 
up0°2. 



APPENDIX IV, 
OBITUARY NOTICES. 



Db. Chbistopheb Henry Didericus Buys Ballot, who died February 3rd, 
1890, in the 78rd year of his ago, was born at Kloetingen, where his father 
was a Pastor in tho Reformed Church of Holland. He went to the University 
of Utrecht at tho age of 18, and took out his Doctor's Degree in 1844. His 
thesis was de Synaphia et Prosaphia, Next year he was appointed ** Decent " 
in Mineralogy and Geology, soon after Professor of Mathematics, and subse- 
quently Professor of Experimental Physics, a post which he held till 1887, 
when, according to the Dutch law, ho had to retire after 40 years' service in 
the chair. 

As to his lectures they were fall of new ideas, many of them fur in advance 
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of his age. One of his eaiikst pamphlets bore the title, A Sketch of tfu 
Ph%ftiolo^ of Iwyrgnnic Sature, a goffieiently sUrtling paradox ! Many of 
the ideas put forward b j Bays Ballot in the first half of this centory are now 
being adopted as scientific truths on the anthoritiee of Maxwell and Glansins. 

His connection with Meteorology began in 1949. He fitted ap at his own 
expense a cdlar in the Sonnenbor;^, at Utrecht, for magnetic obserrations, and 
started meteorological obseirations above ground at the same place. The obser- 
rations were made by Krecke, but discussed and published by Bays Ballot In 
1854 the establishment was taken over by the Government, and became the 
Royal Meteorological Institute of Utrecht. The '< Law/' by which he is most 
generally known, was popularly explained by him in the pamphlet Eenige 
Regelen torn Aanstaande Weenrerandmngcn in Xfderland, <fe., published in 
1860, which was translated by Adriani and published in England in 1868. 
It was Mr. Joseph BaxcndcU and Mr. G. V. Vernon, of Manchester, who at 
last, in 1867, obtained official recognition of this principle in England. 

Buys Ballot in most of his investigations dealt exclusively with the varia- 
tions from the mean values of the meteorological elements for each station. 
This enabled him to dispense with the reduction of the barometer to sea level, 
but this mode of treatment of observations has not met with general accept- 
ance. 

He was from the first deeply interested in Meteorological Congress work, 
and in international co-operation in investigations, and was an ardent advocate 
of the visionary scheme of an International Institute, which was broached at 
Vienna and at Rome. 

He has left behind him the memory of one of the most modest, simple* 
minded and amiable of men, while the long list of his papers (41 prior to 1875 
in the Royal Society Catalogue) attests his industry and marvellous ability. 

He was elected an Honorary Member of the Society on June 17th, 1874. 

Chables Octavus Budd was the eighth son of Samuel Budd, a medical 
practitioner at North Tawton, in Devonshire, and was bom at North Tawton 
in the month of July 1822. He entered at Pembroke College, Cambridge, in 
1840, and graduated B.A. in 1844, when ho was 8rd Wrangler. Shortly 
afterwards he was elected a Fellow of his college, and being a bachelor he 
retained his fellowship up to the time of his death, which occurred at Torquay 
on the 24th December 1890. 

He belonged to a family well known in the medical profession, in which 
several of his brothers attained high distinction : two, the late Dr. Geo. Budd, 
formerly Professor of Medicine in King's College, London, and the late Dr. 
William Budd of Bristol, both being Fellows of the Royal Society, and deemed 
worthy of a place in the Dictionary of Xational Biography, In consequence 
of ill-health Mr. C. 0. Budd was never able to foUow any profession, but ho 
was known to his friends ns a man of conspicuous ability and great general 
culture. 

Ho was elected a Fellow of the Society on April 16th, 1878. 
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Samusl Alexandsb Hill was the eldest son of a clergyman residing at 
Ballybolejy near Belfast, in the county of Antrim, and was bom at that place 
in 1-651. He received his early education in a local school, and afterwards 
studied in the Training School at Dublin, where he greatly distinguished him- 
self, especially in the science classes, and gained a scholarship which enabled 
him to matriculate at the Royal School of Mines, and also in the London 
University. Having completed his three years' course in the former institu- 
tion, and taken the degree of Bachelor of Science, he was offered the Profes- 
sorship of Physical Science in the Muir College, Allahabad, and in 1875 he 
proceeded to India to take up the appointment. On his arrival he was ap- 
pointed also Meteorological Beporter to the Government of the North-west 
Provinces, and he continued to hold these appointments conjointly up to 
the time of his death. 

A professorship in an Indian college does not as a rule afford many facili- 
lies for original scientific research, and the cHmate of the Gangetic Plain is 
but little favourable to mental exertion, but Mr. Hill was not one of those who 
content themselves with discharging the merely administrative duties of their 
appointments, and inasmuch as his Meteorological Beportership placed at his 
command the data furnished by the province he so ably superintended, he 
speedily devoted himself to the study and discussion of these data, a task for 
which his knowledge of physics and mathematics peculiarly fitted him. A 
subject which early engaged his attention was the detection of variations in 
the intensity of the solar heat by means of the black- bulb thermometer in 
vacuo, and by selecting for comparison those registers only which recorded the 
readings of one and the same instrument, always exposed on the same spot, 
and applying certain corrections for the varying conditions of the atmosphere 
in respect of humidity, suspended dust, &c., he succeeded in demonstrating a 
very well-marked oscillation of the insolation temperature, having its mini- 
mum coincident with the epoch of maximum sun-spots, and vice-versa, A 
similar oscillation has since been shown to affect the temperature of the Indian 
atmosphere as a whole. Two of Mr. Hill's papers on the above subject were 
published in the Proceedings of the Eoyal Society in 1881 and 1882, and 
three others in the Journal of the Asiatic Society of Bengal in 1888, 1884, 
and 1886. 

Most of his more important writings were published in the Indian Meteoro- 
logical Memoirs and the Philosophical Transactions of the Boyal Society. The 
former include a very complete discussion of the climate of Allahabad, a 
memoir on the meteorology of the N.W. Himalaya, another on the rainfall of 
Benares in relation to the prevailing winds, and one on the distribution of tem* 
perature in North-western India, illustrated by'monthly and annual isothermal 
charts of the greater part of Northern India ; furthermore, two memoirs on 
the vertical distribution of temperature and humidity in the lowest layer of 
the atmosphere, and one on the temperature of the ground at small depths 
below the surface, and its variations from year to year. 

To the Philosophical Transactions of 1887 he contributed a memoir on 
certain anomalies in the winds of Northern India, which he traced to the dis* 
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64 REFORT OF THE COUNCIL. — APPENDIX iV. 

iribution of pressure at on elevation of 10,000 ft. above the sea level, and 
showed that this is entirely different in character from that given by observa- 
tions on the plains. Several of his minor contribntions appeared in Nature 
and the Zeitschri/t of the Austrian Meteorological Society, and one, viz. a Criti- 
cism of Professor Langley's researches on solar heat, in the Quarterly Journal 
of this Society, of which Mr. Hill was elected a Fellow in Febraary 1884. 

Mr. Hill*s treatment of the many sabjects he has discassed displays mach 
originality of conception and method, combined with strict adherence to the 
canons of logical reasoning, and he has contributed in no small degree to the 
advancement of our knowledge of Indian meteorology and incidentally to that 
of meteorological processes in general. Up to the day before his death there 
seemed no reason for misgiving that he might not continne for many years to 
come to add to the good work he had already accomplished. Aboat the 
middle of September last he had indeed a smart attack of fever, such as is 
not nnnsnal at that unhealthy season, but he appeared to be almost con- 
valescent when, without any warning, congestion of the brain set in, and after 
18 hours of unconsciousness he passed away quietly on the morning of the 
28rd at the age of 88 years and 11 months. 

PicKBBiNa Phipps, who was formerly Conservative Member of Parliament 
for the Borough of Northampton, and afterwards for South Northampton- 
shire, died at his residence, CoUingtree, Northamptonshire, on Sunday, Sep- 
tember 7th, aged 68. Mr. Phipps was the senior partner in the firm of 
Phipps and Son, Brewers, Northampton and Towcester. He was a member 
of the Northampton Town Council for 80 years, and was twice elected mayor 
of the borough. 

He was elected a Fellow of this Society on January 15th, 1879. 

Sib Wabinqton W. Smyth was the eldest son of Admiral W. H. Smyth, 
F.R.S., and was bom at Naples in 1817. He was educated at Westminster 
and Bedford Schools, and at Trinity College, Cambridge, where he was one of 
the winning University crew on the Thames in 1889. In that year he 
graduated and obtained a travelling Fellowship, which enabled him to devote 
more than four years to a journey through the chief mining districts of 
Europe, and thus to lay the foundation of that practical knowledge which 8ub« 
sequently made him the greatest British authority on mining matters. As a result 
of his travels through the European and Asiatic dominions of the Sultan, he 
published in 1854 a work entitled A Year with the Turhs, His official career 
began in 1844, when he was appointed by Sir Henry de la Beohe to a post 
on the Geological Survey, and while holding this position he explored and 
geologically mapped various metalliferous districts. In 1845 he joined 
tiie Geological Society, and in 1866 was elected its President. For the last 
17 years he acted as Foreign Secretary, in which post his rare linguistic 
powers proved of great service to the Society. On the foundation of the 
Boyal School of Mines in 1851, ho was appointed the first Lecturer on Mining 
{Old Mineralogy. On the reorganisation of the School u^ 1881 he gave up 
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the chair of Mineralogy, bat acted as Professor of Mining until his death. He 
held the ofl&ce of Inspector of the Mines in the Dachy of Cornwall, and in 
1857 he was also appointed Comptroller of all the mineral properties belong- 
ing to the Crown. 

In 1879 a Boyal Commission was appointed to inquire into accidents in 
mines, and the possible means of preyenting their occurrence, and of limiting 
their disastrous consequences. Prof. Smyth was appointed chairman. The 
Commission ended its \vork in 1886, and the Report definitely settled some 
important questions bearing upon the diminution of accidents in mines. 

To his scientific attainments Sir Warington added singular literary skill. 
His early classical training enabled him to write with rare elegance and vigour. 
As a teacher he was very popular with his pupils, his success as a lecturer 
being due not only to his finished delivery, but also to his skill as a draughts- 
man, which enabled him to dispense with the aid of elaborate diagrams, and 
to rely merely on accurate blackboard sketches, which he drew with great 
rapidity in the presence of his class. His reputation as Professor attracted 
to the School of Mines students from all parts of the world. 

For his labours on the Accidents in Mines Commission and for his other 
public serrioes he received the honour of knighthood on the occasion of Her 
M%jesty*8 Jubilee. Throughout his life he refused the great pecuniary rewards 
offered by the commercial branches of mining, and preferred to devote the 
half-century during which he was engaged in business connected with mines 
to the service of science and of the State. Although he had been in ill-health 
for some time he never neglected his official duties. He died in harness, 
with a partially corrected examination paper on the table before him, on June 
29th. 

He was elected a Fellow of this Society on March 25th, 1856. 

AniiniAT. Sib Babtholomew James Suuvan was the eldest son of the 
late Bear- Admiral Ball Sulivan, and was bom in 1810. He entered the ser- 
vice in 1828, and became Lieutenant in 1880. In 1841 he was promoted to 
the position of Commander for surveying services. He was surveying officer 
to the combined Parand Expedition, from September 1845 to April 1846, at 
Obligado ; made the plan for the attack and commanded the leading division 
of ships and the advance of the landing force. For this service he was pro* 
moted to Captain in 1845. 

In 1848, as *< Colonel and Chief of the Staff,'' he organised the Dockyard 
Volunteers. He was Surveying Captain of the Baltic Fleet throughout the 
war ; was gazetted for services at Bomarsundin 1854, and Sveaborgin 1855 ; 
proposed, planned, and carried out under Bear-Admiral the Hon. B. S. 
Dundas the bombardment of Sveaborg, and obtained the Baltic medal. In 1868 
he became Bear-Admiral, in 1870 Vice- Admiral, and in 1877 Admiral. 

Sir B. J. Sulivan was made a C.B. in 1855 and K.C.B. in 1869. He was 
naval officer of the Marine Department, Board of Trade, from December 
1856 to April 1865. He died at Bournemouth on New Year's Day, 1890, 

He was elected a Fellow of this Society on March 16th, 1882. 
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APPENDIX V, 
BOOKS PURCHASED DURING THE YEAR 1890. 

BiooT DE MoROOUES, F.M.S. — Memoire historiqne et physique snr lea chTiies 
des pierres tomb^es sur la suiface de la terre & diverses epoques. 8vo. (1812.) 

CouLYiER-GRAyiEK and Saioet. — Recherches snr les ^toiles filantes. 
Introduction historique. 8vo. (1847.) 

CousTi, — . — Th^orie physico-dynamique des m^t^ores k tourbillons suivie 
d*un appendice sur ** la defense de la loi des temp^tes '* de M. Faye. 8vo. 
(1876.) 

S Defoe, D.] — ^The Storm : or, a collection of the most remarkable casualties 
i disasters which happened in the late dreadful tempest, both by sea and 
land. 8vo. (1704.) 

DuFOUR, L. — Notes sur le probl^me de la variation du climat. 8vo. (1870.) 

FouRNET, J. — Note sur le froid pdriodique du mois de Mai. 8vo. (1848.) 

Grandsaone, a. de, and L. FoucH^. — Manuel complet de physique et de 
m^t^orologie. 2 6d. 12mo. (1885.) 

HiLDEBRANDssoN, H. H., W. EoppEN, and G. Neumater. Wolken-Adas. 4to. 
(1890.) 

Mackenzie, G. — ^The system of the weather of the British Islands. 8to. 
(1821.) 

Medical Essays and Observations published by a Society in Edinburgh. 
4th ed. 5 vols. 12mo. (1752.) 

NuNt Taouilsk (Russia) .—-Observations m^t^orologiques fSaites k Nijn6- 
Taguilsk (Monts Oural), du ler October 1889 au 81 D6cembre*1840. 8vo. (1842.) 

Official Year Book of the Scientific and Learned Societies of Great 
Britain and Ireland. 1890. 8vo. (1890.) 

Paris, Minist^re du Commerce, de l'Industrie et des Colonies. — 
Exposition Universelle Internationale de 1889. Direction g^ndnde de I'Ex- 
ploitation. Congr^s Met^orologique International tenu A Paris du 19 au 26 
Septembre 1889. Proc^s-vcrbaux, sommaires. Par MM. Moureaux, I^wne, 
TAbbe Maze. 8vo. (1889.) 

Paris, Soci&Ti M^teorologique de France. — Congr^s MSteorologiqne Inter- 
national tenu d Paris du 19 au 26 Septembre 1889. M^moires. 8vo. (n.d.) 

Reinzer, F. — Meteorologia Philosophico-Politica, in duodecim dissertationcs 
per questiones meteorologicas, et conclusiones politicas divisa, appositisque 
symbolis illustrata. Folio. (1709.) 
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DONATIONS RECEIVED DURING THE YEAR 1890. 
Presented by Societies, InstitiUions, &o, 

Adelaide, GovBBNifENT OBSEBVATOBY.—Bainfall in South Australia, 1887.— Report 
on telegraphic determination of Australian longitudes. 

Allahabad, Meteobolooigal Office. — Annual statement of rainfall in the North- 
Westem Provinces and Oudh, 1889. 

Batonne. Sociiii DB Climatolooik Ptbem^bne. — ^BuUetin, 2me Anne^, Nob. 10 to 
3e AunCe, No. 9. 

Beblin, Deutsche Meteobolooische Gesellschaft.— Meteoroloeiache Zeit- 
schrift, 1890. 

Beblin, Gbsellschaft fCb EBDKUNDE.—Verhandlungen, Band XVI., No. 10 to 
Band XVII.. No. 9.— Zeitschrift, Nos. Ii3 to 149. 

Beblhi, Koniolich Pbbussisches Mbteobolooisches Ikstitut. — ^Brgebiuise der 
meteorologisohen Beobachtungcn im Jahre 1889, Heft 2. 

Bibkemhead, Litebpool Obsebtatobt. — Report of the Astronomer to the Marine 
Committee, Mersey Docks and Harbour Board, and results of meteorologieal obserra* 
tions made at the Observatory, 1884*8. 

Bombay, Mbteobological OmcB.^Brief Sketch of the Meteorology of the Bombay 
Pretidenoy, in 1888-90. 
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Bbibbans, Chief Weathkb Bubeau.— Brisbane Observatory: Meteorological 
Synopsii, Jnlj 1889.— Daily Weather Charts of Australia, July 25th, 1889, to April 
8th, 1890.— SnmmarieB of Bainfall in Queensland, July to Deo. 1889.~The Queensland 
Meteorological Beeord, July to Sept. 1889. 

Bbisbanb, Genxbal Beoisteb OmcE. — Report on the Vital Statistics, Oct. 1889 to 
Sent. 1890.— Queensland Vital Statistics, 1889. 

Bbussblb, lEBTiTnT NATIONAL DE QiooBAPHiB. — Bulletin M6t6orologique, March 
1887, and Dee. 1889 to Nov. 1890. 

Bbvsszls, Obbebvatoibb Botal. — Annales Astronomiques, Nonvelle Sdrie, Tome 
VL — ^Annales M6t6orologiqnes, Deuzidme s6rie. Tome II.— Annuaire 1890. — 
Bibliographie Q6n6rale de rAstronomie. Par J. C. Honzeau et A. Lancaster. Tome 
1. Parti. 

BuDAFEST, K« Uko. Cebtbal-Anstalt f6b Meteobolooib und Ebdmaonbtismus.— 
Jahrbiieh 1887. 

Oaibo, Qocttrk Eh^ivule db G^ographie. — Sommaire Historique des Travauz 
G^ographiqnra ez6ent^ en Egypt sous la Dynastie de Mohammed Aly. 

Calcutta, Mstbobolooioal Office.— Cyclone Memoirs, Part 2. Bay of Bengal 
Cydone, Augosi 21-28, 1888.— Handbook of cyclonic storms in the Bay of Bengal, by 
J. Eliot.— India Daily Weather Beports, Dec. 8, 1889. to Nov. 16, 1890, and Nov. 24 to 
Dee. 7. 1890.— Memorandum on the snowfall in the mountain districts of Northern 
India and Afghanistan, and the abnormal features of the meteorology of India during 
Jan. to May 1890. — Beport on the administration of the Meteorological Department 
of the Government of India in 1888-89. — Beport on the Meteorology of India in 1888. 

Calcutta, St. Xavieb*b Colleoe Obsebvatobt. — Meteorological Observations, July 
to Dee. 1889. 

Caxbbidob, Habvabd Colleoe Obsebvatobv. — Henry Draper Memorial. Second 
Annnal Beport of the photographic study of Stellar Spectra. 

Cakbbidob, New Enolaztb Meteobolooical Societt. — Bulletin. Dec. 1889 to Nov. 
1890. 

Cafe Town, Meteobolooical Commission.- Beport, 1889. 

Chbmkite, KdHiOL. BAcmscHES METEOBOLooiscHES Institut.— Jahrbuch, 1888. 

CHBisTunA, Editino Committee Nobweoian Nobth Atlantic Expedition 1876- 
1878.— Zoology. Aotinida. By D. C. Danielssen. 

Chbxbtiabu, Nobske Meteobolooisse Institut. • Jahrbuch, 1888. 

CoPBNHAOER, Danskb Mbteobolooisxe Institut. — ^Bulletin M6t6orologique dn Nord, 
Dee. 1889 to Nov. 1890.— Meteorolofi^ Aarbog, 1885, Pt. 2. 

CoBDOBA, AcADEMTA Nactokal db Ciencias.— Boietiu, Tomo X. Ent. 3. 

CoBOOBA, Ofiotna Meteobolooica Abobntina. — ^Anales, Tomo VU. 

Cbaoow, K. E. Stebnwabte.— Meteorologische Beobachtungen, Nov. 1 889 to Aug. 1890. 

Cbotdon, MicBoeooFiCAL and Natubal Histobt Club.— Daily Bainfall in the Croydon 
District, Deo. 1889 to Nov. 1890.— Proceedings and Transactions, Feb. 1888 to Jan. 
1889.— Beport of the Meteorological Sub-Committee for 1889. 

DoBPAT, Obsbbvatobium. — Fortsetznng der neuen Untersuchungen iiber die Bessel'sche 
Formel nnd deren Verwendung in der Meteorologie. Von Dr. E. Wcihranch.— Meteoro- 
logiiohe Beobaehtongen, 1881-8 and 1889. 

Dublin, Gbrebal Beoisteb Office.— Annual Beport of the Begistrar-General 
(Ireland) 1889.— Weekly Betoms of Births and Deaths, Vol. XXVI. No. 52 to Vol. 
XXVn. No. 61. 

Dublin, Botal Dublin Societt. —Scientific Proceedings, Vol. VI. New Series, Pts. 7-9. 

Dubldt, Botal Ibish Academy. — " Cunningham Memoirs," No. 5. The Bed Stars : 
observations and e atalogne.— Proceedings. Third Series, Vol. I. Nos. 2 to 8.— Trans- 
actions, VoL XXTX. Pts. 12 and 18. 

DuBBAN, Nazal Habboub Boabd.— Chairman's Biinnte and Departmental Beports for 
the year 1889. 

Edinbubob, Fishebt Boabd fob Scotland.— Annual Beport, 1889. 

EDnrauBOB, Genebal Beoisteb Office. — Quarterly Beturns of the Births, Marriages 
and Deaths, re^ptered in Scotland for the four quarters ending Sept. 80, 1890. 

EonrauBOH, Botal Scottish Geoobaphical Societt.- ScottishGeographioal Magazine, 
1890. 

Edinbubob, Botal Societt.- Proceedings, Vols. XV. and XVI. 1887-9. 

FiUME, I. B. AccADEMiA Di Mabina.— Mctcorological Observations, Nov. 1889 to July 
1890. 

Geneva, SociAt^ de GiooBAPHiE.— Le Globe, 6me. Serie, Tome I. 

Olasoow, Pbilosofbical Societt.— Proceedings. Vol. XXI. 1889-90. 

Obeenwich, Botal Obsebvatobt. — Areas of faculaa and sun-spots, compared with 
dinmal ranges of magnetic declination, horizontal force, and vertical force, as observed 
at the Boyal Observatory, Greenwich, 1878-88.— Mean daily area of sun-spots for each 
degree of solar latitude for each year from 1874-1888, as measured on photographs at 
the Boyal Observatory, Greenwich.— Beduction of Meteorologieal observations, Pt. II. 
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Barometer, 187i-6, and Thermometers, 1869-76.— Report of the Aitronomer Boyal to 
the Board of YiBitors, 1890.— BesoltB of Magnetical and Meteorological Obsenraiiens, 

1887. 

GuxBHSET, SociBTT OF NiTUBAL SczENOE. — ^Boport and Tranaaetiona, 1889. 

Hallb, K Lbop.-Cabol. Dexttschb AKADSMn. — Leopoldina, Heft 26, 1889^ — ^Ueber 
die Periodicitat der Bonnenflecken seit dem Jahre 1618. Von Dr. G. Spoerer. 

Hambubo, Deutscbb Sbswabtb. — Ana dem Archiy, 1889.— Dentiche UebezMeiiche 
meteorologiiM^e Beobaohtongen, Heft III.— Ergebnisse der meteorologiaehen Beobaeh- 
tangen an Stationen in Deatachland, 1888.— Monatabericht, June 1889 to Ifay 1890.— 
Wetterberioht, 1890. 

HoBABT, Obbbbvatoby. — Tasmania Bainfall, 1889. 

Eablsbuhb, Cbhtbalbubbau fOb Mbteobologie und Htdboobapbzb Of GnosasBBaoa- 
TBUM Baden. — ^Die Ergebnisae ' der meteorologischen Beobachtnngen im Jahre 1889. 

Eew Obsebvatobt.— Beport of the Eew Committee for the year ending Oot. SI, 
1889. 

Leon, Escuela db Inrtbuooion Secundabia. — Besomen General de laa obserradonet 
meteorologicas, 1889. 

Lisbon, OnsEuvATORio do Infante D. Luiz. — Annaes, Vol. XXV. 1887. 

LisnoN, S<)ciEDAi>E DE Gkogbavuu. — BolfctiiD, 8a Serie, Nos. 7, 8, 11, 12; 9a Serie, 
Nos. 1-0. — Ciitalor;os e Indices. As Publicavoos. — Indices e Gatalogos. A Bibliothica. 
I. Orbas imprcfuas. 

LivtuPooL, LiTEUABY AND PuiLOsopnicAL SociETY. — Proceodiugs, Vols. 41-43, 1887-9. 

London, Bbitish Asbocution. — Lidex to lieports and Transactions, 1831-60.— Be- 
port, 1889. 

London, Colonial Office. — Annual Beport of the Director of the Boyal Alfred 
Observatory, Maoritios, 1888. — Meteorological Beport, Straits Settlements, 1889.— 
Beport of the Director of the Hong Kong Observatoiy, 1889. 

London, Genebal Beoibteb Office. — Annual Snmmaiy of Births, Deaths and 
causes of Death in London and other great towns, 1889.— Quarterly Betuma of 
Births, Marriages and Deaths for the four quarters ending Sept. 30, 1890 .^Weekly 
Botums of Births and Deaths, Vol. L., No. 62, to Vol. LI., No. 51. 

London, Geological Society. — Quarterly Journal, Nos. 181 to 184. 

London, Institute of Ohemistby of Gbeat Bbitain^ ANn Ibeland,— Begister of 
Fellows and Associates for 1890. 

London, iNSTrrnnoN of Electbigal Enoineebs. — Jonmal, Nos. 82 to 89. 

London, Juniob Engineebing Society. — Programme, Ao, Tenth Session, 1890*1. 

London, Meteobological OFFicE.^Daily Weather Bep<u:t8, 1800. — ^Meteoro* 
logical Observations at stations of the Second Order for thA year 1886.— 
Meteorological' Observations at the Foreign and Ooloniid Stations of the Boyal 
Engineers and the Army Medical Department, 1852-86.— Meteorological Ob- 
servations made at Sanchez (Samand Bay), St. Domingo, 1886^, by the late 
Dr. W. Bcid.— Quarterly Weather Report, 1880, Pt. 2.— Beport of the Meteorolo. 
gical Council to the Boyal Society for the year ending March 31st, 3889. — ^Weekly 
Weather Beport, Vol. VI., No. 51, to Vol. VII., No. 51.— Meteorological Observations 
at Soathi)ort, Mar. 30, 1889, to Jan. 3. 1800.— Annual Report of the Botanical Depart- 
ment, Trinidad, 1888.— Report on the Meteorology of Ceylon for 1889.— Bulletin quo- 
tidion de rAlg6rie, Nov. I, 1889, to Nov. 30, 1890.— Service Central M6t6orologiqne de 
PAlgerie. Balloiin Mcnsuel, May 1HS8 to Fob. 1889.— Annual Beport of the Boyal 
Cornwall Polytechnic Society, 1889.— Papers and Proceedings of the Boyal Society of 
Tasmania, 1889. — Anemometer Comparisons. — Cloud Formation. — ^Detonnination of 
*' prevailing wind direction.'* — Pressure and Temperature in low and high. — Storms 
and a central ascending current. — The relation between wind velocity and preaavre.— 
Tornadoes. All by H. A. Hazen. — Instructions to voluntary observers of the Signal 
Service, U.S.A. — Barometerstanden en Winden in der Golf van Aden en danlndisehen 
Oceoan bij Kapp Quardafui.— 74 Jahrcsbericht der Naturforschenden Geselaehaft 
inEmden pro 1888-9.— Experiences do flottage sur les courants snperfidela de I'Atlan- 
tique Nord. Par le Prince Albert dc Monaco. — Sur les caoses ae l*6Ieotricit6 atmoi- 
ph6rique et terrestre. Par A. C. Becqucrel. 

London, Physical Society. — Proceedings, Vol. X, Pts. 3 and 4. 

London, Boyal Agbicultubal Society of England.— Joumid, Third Series, VoL I. 
Nos. 1 to 8. — General Index to the Journal, 1865-89. 

London, Boyal Astbonohtgal Socixty.— Memoirs, Vol. 49, Pt. 2. — Monthly Notices, 
Vol. L. No. 2 to Vol. LI. No. 1. ^^ 

London, Boyal Botanic Society. — Quarterly Becord, Nos. 40 to 42. 

London, Royal Institution of Gbeat Bbitain. — Proceedings, No. 83. 

London, Royal Society. — I^oceedings, Nos. 284 to 294. 

London. Sanitaby Institute of Gbeat Bbitain. — Transactions, Vol. X. Annual 

Reports of the Registrar-General, England, 1839-42, 1844-6. 1847-55.— Army Medical 
Pepartment Bopoi:ts, 1872, 1878, and 1883.^Pe8criptivo Guide to Boomemoath,— 
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Dorer as a health resort. By Dr. 0. Parsons.— Hammam B'irha, Algiers, a winter 
health resort. By Dr. G. H. Brandt.— -Now Zealand Meteorological Report, 1877.— 
Betom of the Average Annual Proportion of Deaths, 1861-70.— Royat, its Mineral 
Waters and Olimate. By Dr. G. H. Brandt.— Soarboroagh as a health resort. By A. 
Haviland. 
LoHDOK, SociETT OF Abts. — Joomal, 1890. 

MiDBiD, Obsebvatobio.— Observaciones Meteorologicas, 1888-9.— Besnmen de las 
observaoiones meteorologicas efectoadas en la Penins^, 1886. 
ICabbid, Soczbdad Gboobapbica.— Boletin, TomoXXYII. No. 4, to Tomo XXIX. No. 4. 
If^oDBBUBO, Wettbbwabtb dbb Maodbbubgischen ZsiTUNa.— Jahrbnch der meteoro- 
lodsohen Beobaohtungen, 1889. 

ICahchbstbb, Litebaby akd PhiziOSophioal SociETT.^Memoirs and Proceedings, 
Fourth Series, Yd. HI. 

MASiLkt Obsebvatobio MBTBOBOL6aico. — Corvas Meteorogr&ficas, 1888. — ObserTa- 
eiones Magndtioas, 1888.— Observadones Terificadas, Jan. to Mar. 1890. 
Hablbobouoh Golleob, Natubal Histobt Society.— Report, 1889. 
MabseilZiB, Commissiokdb M&TioBOLoaiE DU D&pabtembnt des Bouckbs-du-Rhone.^ 
Bnlletin Annuel, 1888. 

Mblboubhb, GoviBNMExrT Obsbbvatoby.— Monthly Record of results of observations 
in Meteorology, Terrestrial Magnetism, &o, Aug. 1889 to Jane 1890. 
Mkzzoo, Obsebvatobio AsTBOMdxico Naotonal de Tacubaya. — ^Annuario, 1890. 
Mexico, Obsebvatobio Mbtbobolooico Maometico Centbal.— Boletin Mensual, Tomo 
IL Nos. 2 to 12. 

Mexico, Sooedad Cibntifica ** Antonio Alzatb."— Memorias, Tomo II. No. 12, to 
Tomo IV. No. 2. 

MiGHiGAR, State Boabd or Health. — Ck>mpaiison of averages of tzi-daily, and bi- 
daily meteorologioal Observations made at four stations in Michigan during 1889 (MS.). 
— ^Principal Meteoroloffioal Conditions in Michigan in 1888.»Proceedings and Addresses 
at a Samtary Convention at Pontiac, Michigan, Oct. 1889. — Proceedings and Addresses 
at a Sanitary Convention held at Yicksburg, Michigan, Dec. 5 and 6, 1889. 
Milan, B. Ossebvatobio Astbonomico di Bbbba.— Osservazioni Meteorologische, 1889. 
MoNTxviDXo, Obsebvatobio METBOBOL6aico del Golboio Pio de Yilla Colon.— 
Boletin Mensual, Dec. 1889, and Feb. and Mar. 1890. 

MoNTBBAL, Geological and Natubal Histoby Subvby of Canada.— Annual Report, 
New Series, YoL III.. 1887-8. 

Moscow, SocdsTi: Impebiale des Natubalibtbs. — Bulletin, 1889, No. 3, to 1890, No. 
2.— Meteorologische Beobaohtungen, 1889. 

Munich, K. B. Meteoblooibche Centbal. Station. — ^Beobachtungen der meteoro- 

logiscdien Stationen im Kon. Bayem, Jahrgang XI., Heft 3, to Jahrgang XII., Heft 

2. — Uebersidht fiber die Witterungsverhaltnisse im Eon. Bayem, Dec. 1889 to Oct. 

1890. 

MunoH, K Stebnwabtb. — Meteorologische Beobaohtungen im Jahre 1888 and 1889. 

Natal Obbebvatoby.— Report of the Superintendent, 1889. 

Nbwhaven, Astbonomical Obsebvatoby of Tale Univbbsity. — Report 1889 to 1890. 
— Transaetions, Yol. I., pt. 2. 
New Tobk, Academy of Scienoes.— Transactions, Yol. YHI., No. 5, to Yol. IX. No. 2. 
New Tobe, Centbal Pabk Obsebvatoby.— Abstracts of Registers from self-recording 
Instniinents, Dec. 1889 to Nov. 1890. 
OxfOBD, Badclotb Obsebvatoby.— Results of Meteorological Observations, 1886. 
Pabie, Bubxau Centbal MicTtoBOLOGiQUE de Fbanob. — Annales, 1885, Part 2 ; 1886, 
Bart 2; 1887, Parts 1-3.— Bulletin International. 1890.— Rapport du Comity M6t6oro. 
log&|iie International. Rethiion de Zurich, 1888. 
Pabib, Obsebvatoibb Municipal de Montsoubis.— Annnaire, 1890. 
Pabib, SodiTi M^TioBOLOOiQUE DE Fbance.— Aonuairc. Sept. 1889 to Sept. 1890. 
Pebpignah, Obsebvatoibb MtTioBOLOoiQUB. — Bulletin M6t6orologique du departc- 
ment des ^yr6n6es Orientales, 1888-i, and 1886 to 1889.—Descriptionde TObservatoire. 
Philadelphu, Ambbican PhuiOSophioal Society. — Proceedings, Nos. 130 to 133. — 
Transaetions, Yol. XYI., New Series, Part 3. 

PoLA, x. K. Htdboobaphisches Amt.— Metcorologische und magnetisohe Beobach- 
tungen, Nov. 1889 to Oct. 1890. 

PoMPEi, I^ Abmonie della Rbuoionb e dblla CiviLTi.— Programma delle Fcsto di 
liaggio, 1890. 
Pbaoub, K. E. 8TEBNWABTE.—Magnetische und meteorologische Beobaohtungen, 1889. 
PuEBLA, Obsebvatobio Meteobologico del Coleoio del Bstado. — Resumen Corres- 
pondiente a cada dio, Nov. 1889 to Aug. 1890. 

Bio DE Janeibo, Obsebvatoibb.— Annales, Tome lY., Parts 1 and 2.— Annuario, 
1888-90.- Revista do Observatorio, Dec. 1889 to Nov. 1890. 

Rio de Janeibo, 1® Obsebvatobio MsTBOBOLoaioo da RxPABTitAo dos Tblegbaphos do 
Pbaeil.— Boletin Mensaes, Yol. III., 1888. 
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San Febnando, InbtItuto y Obbibvatorio de Habira. — Anales. Setdon 2a. Obser- 
vaoiones Meteoroldgioas, 1889.^-Cat&logo de la Biblioteea. 

San Josi, Instituto Fisico-Geoobaphico NAaoNAL. — ^Anales, 1889. Tome II. la 
Parte. 

San Paulo, GoincisaAO Geoobaphioa e Geolooica. — Boletim, Nob. 1 io 8. 

San Salvaxx)b, Instituto NACioNAL.~Ob8ervaoionM Meteoroldgioas, Jan. 1889 to 
Feb. 1890. ^ 

Santuoo, Obsbbvatobio Astbon6mico. — Obflervaciones Meteoroldjieas, 1885-7. 

St. Petebsbubg, K. Aqadbmze deb WissENSOMArrEN. — ^Bepertorinm fdr Meteorologie. 
Vols. 12 and 18. 

St. Petebsbubg, ParsiKALiscHBS Centbal Obsbbtatobiuic. — Annalen^ 1888 ; and 
1889, Pt. 1. 

Sydney, Goykbnment Obsebyatoby. — ^Daily Weath^ Charts of Anstralia and New 
Zealand, Noy. 1889 to July and Sept. 1890. — Meteorological ObserYations, Jan. to July 
1890.— Besolts of Meteorological Obsenrations made in New Soath Wales daring 1888. — 
Bescdts of Bain, BiYsr and EYaporation Obaerrations made in New Soath Wales daring 
1889. 

Sydney, Boyal Society of New South Wales.— Catalogae of the Seientifio Books in 
the Library of the Boyal Society of New Soath Wales, Pt. 1. — Joamal and Prooeedings, 
Vol. XXni. 1889. 

TiFLis, Phybixalisches Obsebyatobiuv.— Meteorologisehe Beobaehtangen, 1887-8. 

Toxio, Impebial Uniybbsity of Japan. — Calendar, 1889-90. 

ToKio, Meteorological Centbal Obsebyatoby. — Annaal Meteorological Report, 1887> 
Pt. 2; 1888, Pt. 1.— Meteorological ObserYations at 31 stations in Japan, 1888.— 
Monthly Sammaries and Monthly Means, 1887-8. 

Tonga, Pbeiiieb*s Office.— Statistics of the Tonga Islands, 1889. 

ToBONTo, Mbteobolooical Office. — Monthly Weather BeYiew, Oct 1889 to Aog. 
1890.— Beport of the Meteorological SerYice of the Dominion of Canada, 1886.— 
Toronto General Meteorological Begister, 1889. 

Tbieste, Ossbbyatobio Marittimo. — ^Bapporto Annaale, 1887. 

TucuMAN, Oficina Quimica. — ^Boletin, Tome II. Ent. 3. 

TuBiN, SocibtX Mbtbobologica Italiano. — Annoario Meteorologieo Italiano, Anno VI. 
1891. — BoUettino Mensoale pnblicato per oara doll' OsserYstorio Centrale di Beal 061- 
legio Carlo Alberto in MoncaHeri, Vol. IX. No. 12, to Vol. X. No. 11. 

Upsala, Obsebyatoibe Met£orologiqub de l'Uniyeb8it6.— Balfttin Mensael, VoL 
XXI. 1889. 

Utrecbt, E. Nedeblandsch METEOROLOGiscn Instituut. — ^An attempt to compare the 
instrnments for absolute magnetic measurements at different obserYatories. By Dr. 
van Bijckevorsel. — ^Nederlandsch Meteorologisch Jaarboek, 1889. — Onweders in Neder- 
land. 

Vienna, E. E. Ackebbau-Ministerium .— Besoltate forstlieh-meteozologisdher Beobaeh- 
tangen, 1886-7. Von Dr. J. B. Yon Lorenz-Libomau. 

Vienna, E.K Centbal- Anstalt f^ Meteorolooie und EaDicAGNBTiBiins.- Beobaeh- 
tangen, Oct. and Noy. 1889, and Jan. to June 1890.— Jahrbuch, 1888. 

Vienna, Oestebbeichische Gesellschaft fijb Metbobologib. — Meteorologische 
Zeitschrift, 1890. 

Washington, Geological Subyey.— Annaal Beport, 1886-7. 

Wasbington, Hydbogbapoic Office. — Pilot Charts of the North Atlantie Ocean, 
1890. — Beport of ice and ice moYements in Bering Sea and the Arctio Basin* By E. 
Simpson. 

Washington, Signal OPFicE.^Bibliography o! Meteorology, Pt. 2, Moistore.— Charts 

showing the normal monthly rainfall in the United States. By H. H. C. Dnnwoody. 

Cold waYCS and their progress. A preliminary study. By Lient T. M. Woodraff. 

Corrections of thermometers. By T. Bussell.— Danger lines and riYer flooda of 1882. 
By H. A. Hazen. — Effect of wind-currents on rainfall. By G. £. Cortis. — First Beport 

apon ObserYations of atmospheric electricity at Baltimore, Mai^and. By P. Honill. 

Monthly Weather BeYiew, Dec. 1889 to Sept. 1890.»Popalar essays on the moyements 
of the atmo^here. By Prof. W. Fcrrel. — Beport on Lady Franklin Bay Expedition of 
1883. By Lieut. E. A. Garlington.— Reports of the Chief Signal Officer, U.S. Army, 
1876, 1881-4, and 1886-8.— The Aurora in its relation to Meteorology. By A. McAdie. — 
Thunderstorms of May 1884. By H. A. Hazen.— Tornadoes of May 29 and SO, 1879, 
in Eansas, Nebraska, Missouri, and Iowa. By Sergt. J. P. Finley.^Tomado of Ang. 
28, 1884, near Huron, Dakota. By Sergt. S. W. Glenn.— Tri-daily Meteorological 
Beoord, July-Dec. 1878. 

Washington, Smithsonian Institution.— Beport 1887. Pt 1.— Beports of Prof. 
Joseph Henry, Secretary, for the years 1867-70, and 1874-6. 

W^TFOBD, Hebtfobdshiee Natubal Histoby Society.— Transactions, Vol. V. Pta. 6 
to 8. 

Wellxnoton College, Natubal SaBNCE SocisTY.^Axmaal Beport, 1889. 
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Zx-Ei-WBi, Obubtatoibb BiAONixiQUB IT BiiTioBoxiOOZQUi.— Bulletin Mensuel. 
Tome XV. 1889. 
ZuxiCH, ScHWEizEBiscHs BiETBOBOLOoisoHE Cbntbal-Anstalt. — Anoalen, 1888. 



Presented by IndividuaU, 

AxoffnoM, B.— Beobaehtnng iiber die Strahlong der Sonne.— l^tnde des spectres 
infra-ioages de Tadde carboniqne et de I'ozyde de carbone.— Etudes de la distribution 
speetnle de rab8(m>tion dans la spectre infra-rouge. 

Athhsov, E. — '&» Ctotton lianufaeture of the United States. 

AuGvsTZN, Db. F. — Untersuchungen uber die Temperatur von Prag. 

Bakkb» Ds. H. B. — ^Malaria and the causation of Intermittent Fever. 

Batabd, F. 0. — ^Abstract of Moteorologioal Observations taken at Wellington, 1889. 

Bbbtodano, G. E. db. — Observatorio Meteorol6gico de Manila. Observaciones Mag- 
n^ticas, 1888. 

BnnroN, J. B.— Bainfall at Blackrock, near Cork, 1865-1889, and Dee. 1889 to 
KoT. 1890. (MS.) 

BuLcx, Db. W. 6.— Sanitary State of Hong Kong in 1865. 

BsowNy A., AMD BooBBTEB, P. — The Meteorology of Nottingham for the year 1889. 

Bbown, S. — Report of the Great Storm at Hong Eong on May 29 and 30, 1889. 

Bbumham, Thb Missbs. — ^A chronological history of the weather and seasons and of 
the prevaHing diseases in Dublin during forty years. By Dr. J. Butty.— MS. Meteoro- 
logioJ Notes, Ac, compiled b;^ the late Mr. G. D. Brmnham. 

BucBAN, Db. a. — ^The Phvsios and Ohemistry of the Voyage of H.M.S. CJialUngir, 
Part v. Beport on Atmospheric Cironlation. 

Camaba, a. a.— Analyse dos Instrumentos de Sondar e Perscrotar ossegredos da 
Naturesca Submarinha. — ^Ensaio sobre as Construc^oes Navaes Indigenas do Brasil.— 
Impressoes de Uma Viagem do Par& ao Becife, passando por 8. Miguel e Teneriffe a 
boMo da Ck>rveta Trqjano, — ^Belatorio dos estudios feitos no interior do porto da 
Bahia. 

Clabk, J. B. — ^The Natural History Journal and School Beporter, Nos. 118 to 126. 

Glbkbhts, H.— The late great gale (Jan. 1890). (MS.)— The prediction of storms 
and the late great gale. (Nov. 1890.) 

OooKB, B.— Meteorological Observations made at Detling, Deo. 1889 to Nov. 1890. 
(MS.) 

OoxBM, Mas.— Meteorologioal Observations made at Bulimba, Queensland, July 1889 
to June 1890. (MS.) 

Cbowioot, Mus M.— Meteorological Begisters kept at Kessingland, near Lowestoff , 
1855-68, by Mr. E. Crowfoot. (MS.) 

Danoeblicam, Db.von. — ^Beitrage zur Eentniss des Elimas des deutschen Togolandes 
imd seiner Naohbargebiete an der Gold- und Sklavenkiiste. 

Davis, W. M.— Ferrel*s convectional theory of Tornadoes. By W. M. Davis and 
C. E. Cnrrv. 

Dbvza, Fadbb F.^La indinazione magnetico ft Boma.^L' Antioiclone del No- 
Tembre, 1889. — ^Le alte pressioni del Decembre 1889 e Gennaio, 1890. 

DiMBS, W. H. — On wind pressure upon an inclined surface. 

DnoM, H. P.— Wiltshire Bainfall. Nov. 1889 to Oct. 1890. 

DoTLB, P.^Indian Engineering, Vol. Yin., Nos. 4 to 23. 

DuMGAN, J. W.^Meteorological Observations at Summerlands, Teovil, Deo. 1889 to 
Feb. 1890. (MS.) 

EoxTOB.~Amerioan Meteorologieal Journal, 1890. 

EniTOB.— Boletin meteorol6gioo peri6do quincenal. Dirigido por Noherlesoom, Nos. 
5 to 12. 

EniTOB. — Ciel et Terre, Deuzidme S6rie, 5e Ann6e, No. 21 to 6e Ann6e, No. 20. 

EnxTOB.— -Nature, 1890. 

EniTOB.^Telegraphic Journal and Electrical Beview, 1890. 

EorroBS. — The Observatory, 1890. 

EoAB, 8.— Meteorological Observations made at Wryde, Dec. 1889 to Nov. 1890 
(MS.) 

EoBSON, C.—The daily area of rainfall in New South Wales, Nov. 1889 to Mav 
1890. ' 

Ekbolm, N.^Ueber die Einwirkung der ablenkenden Kraft der Erdrotation auf die 
Luftbewegung. 

EzjOT, J. — On the occasional inversion of the temperature relations between the 
Hills and Plains of Northern India. 

Elliott, Db. G. S.— Meteorological Observationi made at Caterham, Deo. 1889 to 
Not. 1890. (MS.) 

Ellis, W.— Map of England aud Wales, showing lines of equal magnetio deelian* 
tion lor the year 1890. ^ ^^ 
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RlCItv. G.— KsBBORfeicae^ OnsntKBi s»Ae tt I! iiihwliitl. Dbb. 1889 to Jmie 




Haxss/t?^^ G. F.^Tbc 

^'^racwM, D». G.— Bepoct ol the l5« W««ter Seniw. l*:^, Pt 4; 1879, Pt 4; 
];^i; 1f«2,PL4: l^M.Pl.4; and 15^ 

H/KLTtnte. S. A.— Ssr la wp dn gfe "t ilrt& de U sage. 

|{/yPK0fo«, J.— CIimAtolo^K*! ObMrrationi taksi in Hoilardihiie. 1887-8.— Fa8 
Bcrvi It Odter. Bt H. G. FoidhaiD — Metccrological ObKrra&oiio tft St Albom, 1889. 
^HHeondogW OlMerrttzoci at St. AlUnf . Dec 1S^59 to Nor. 1890 {][S.).~On local 
M#«tifte iiivcadcation in eonneetiaa vith Comsutteea of the Biftiaii AjModatkm.— 
KAiuiall and water loimly.— The ClimMe of Searboravi^— The Grant Kmz Earth. 
rSSrSthettnaApiiTl^. lly Ptof. B. M*!drfa — The ininfall of ITIh and 18lh 

0( Htvlcit, Bet. J. A.— Keteorolopeal Obsemtions made at Hereford, Dee. I8t<9 to 

fVjruaM D. E-— Crclea of Droo^t and Good Seasons m Sooth Afnen. 

Ja/;mo», W. E.— Meteorological Obeerrmtionfl made at Exenkei^, CoofttanUnople. 

o^fcit IMdio Jan. 1^^. (MS.) 
Jruut J —Bar U temptoUnre nocturne de Tair i diifdreBtea hantenn. 
KAWVSKvln. A.— B£sam£' Metterolog^ne de Tann^e 1889 ponr Gendre et le Grand 

^Ki>wsoTf!KT, Pbof. A-— Mftontes fbnnes des grelons dbserrte an rad-oneet de la 

^"ulfcAiiTE.. A.-Le Climat de \^<i^^. « 1889^ 
f ^-rwAw R _BeDort on the Sanitation of Bombay. 
Lt^ET bT J -Mapshowing for the Westminster Oock Bell the aUowanee of time to 

^^hvorv, Db. H. J.— Meteorological Obserrationfl made at Barmonth, Dec. 1889 to Nov. 

^^A' KKBETH, BET.T.-MeteoTological ObservaUona made at Windermere, Jan. to Nov. 

**IS'' ». n. w T? n ft— A chemical inquiry into the phenomena of Laman respiration. 
Siwr;.? A.-Mc^^ Bep^rt for Northamptonshire. 1889. and Jan. to 

^^'kuwrov C. P.-Meteorological ObflervaUons made at Sntton Coldfield, Deo. 1889 to 
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Miwurr, E.<— Meteorological ObservationB taken at Berkhamsted, Deo. 26, 1889| to 
Dee. 18, 1890.— The Bosanan's Year Book, 1890. 

McIajrDSBOBOuoH, J., and Pbbston, A. £.— The Meteorology of Bradford, 1889. 

Mbbroikld, Db. J. — Meteorological Summaiy for Plymonth, 1889. 

MooBi, Db. J. W.— Abstract of Meteorological Obserrations taken at Dublin, 1889. 

Obkbbod, G. W. (The Late).— Bainfall at Teignmoath, 1889. 

Pbabsor, C. N.— Meteorological Obaeryations made at Beading, Dec. 1889 to Nov. 
1890. (MS.) 

Peek, G. B. — Meteorological Journal kept at Exeter/ 1755-1775. By Samuel Milford. 
(MS.) 

Pence, Pbof. A.<— Klima-Schwankungen seit 1700 nebst Bemerkungen aber die 
KUmasdiwankungen der Dilnvialzeit. Yon Dr. B. Bruckner. 

Pbilijps, F. H.— Meteorological Obseryations made at Brighton, June to Nov. 1890. 
(MS.) 

PuNCE, C. L.— Nature*8 Secrets. By T. 'VPlUsford (l658).~Summary of a meteoro- 
logical journal kqot at Crowborough, Sussex, 1889. 

lUaoNA, D. — Influ6nza delle oondizioni atmosferiche sull* influenza. 

&ICHABD FbKbes, MM.— Notice sur les instruments enregistreurs oonstruits par 
Biohard Frdres. Srd edition. 

RiooENBACH, Dr. a. — ^Die unperiodischen Witterungserscheinungen auf Grand 111 
jahriger Auf zeichnnngen der Niederschlagstage.— Witterangs-Ueberaicht der Jidire 1888 
and 1889 sowie ncue Normal- Mittel fiir Niederschlag und Temperatur. 

Bobimson, W.— Beport on the sanitary condition of Scarborough, 1889. By Dr. J. 
W. Taylor. 

Botch, A. L. — Observations made at the Blue Hill Meteorological Observatory, Mass., 
U.SA., 1888.— Report of the New England Meteorological Society's Eighteenth Begulw 
Meeting held at Providence, B. I.. April 15th, 1890. 

Btlands, T. G. — Transactions of the Historic Society of Lancashire and Cheshire, 
Vol. VII. 1854-6. 

Salle, OrTO.—Das Wetter, 1890. 

Saneb, J. A.— Meteorological Observations made at Northwich, Dec. 1889 to Nov. 
1890. (MS.) 

SantillAn, B. a. — ^Apuntes relatives & algunos Observatorios 6 Institutos Meteoro- 
16gieas de Europa. — ^Bibliografia Meteorol6gica Mexicana. 

SooTT, B. H.— The variability of the temperature of the British Isles, 1869-83, 
inclusive. 

Shaw, Bev. G. A.— Meteorological Observations made at Farafangana, S.E. Mada- 
gascar, April to Dec. 1889, and April to July, 1890. (MS.) 

SiEXEHS, W. VON. — On the general system of winds on the earth. 

Singlaib, Db. A. W.— Meteorological Observations taken at Ewala Lumpor, Selangor, 
Malay Peninsula, May and June, and Aug. to Deo. 1888. (MS.) 

SiNGEB, Db. K.— Die Bodentemperaturen an der k. Stern warte bei Munchen und 
der Zusammenhang ihrer Schwankungen mit den Witterungsverhaltnissen. 

Slade, F.— Meteorological Observations made at Beckford, Tewkesbury, 1889. 

SouTHALL, H.— The Becent Drought. (1889-90.) 

Spabks, F. J. — Meteorological Observations made at Crewkerae, Dec. 1889 to Nov. 
1890.— Rainfall at Crewkerae, 1889. (MS.) 

Stellino, E. — Bemerkungen zu den moteorologisohen Beobachtungen des Observa- 
torinms in Irkutsk fiir das Jahr. 1888. — Magnetische Beobachtungen im Lenagebiete 
im Sommer 1888 und Bemerkungen Uber die saculare Aenderang der erdmagnetischen 
Elemente daselbst. 

Stokes, J. — Annual Beport on the health of Margate for 1890. By Dr. A. W. Scatliff. 

Stuabt, M. G. — Beports on the returns of rainfall and observations on the floweriug 
of plants and appearances of Birds and Insects in Dorset during 1888. 

Stuboe, E. F.— Thirty Tears Weather at Bristol. 

Stmons, G. J.— Annuaire M6t6orologique pour I'an XIY. de Tdre de la R^publique 
Fran^aise. Par J. B. Lamarck. — Coefficienti per] la temperatura e per la pressione 
atmosferica nel barometro registratore Richard. Di Prof. D. Bagona. — Colpo d' oochio 
aa'i grandi fenomeni atmosferici notati alia privata stazione meteorologioa in Boma 
ne^ anni 1865-7 in relazioni alle burrasche. Da C. Scarpellini. — De Tacoord entre les 
indications des couleurs dans la scintillation des 6toiles et les variations atmosph^riques. 
Par Ch. Montigny. — Die Temperatur-Yerhaltnisse der Jahre 1848-63, an den Stationen 
des dsterreichisehen Beobachtungs-netzes. Yon Dr. C. Jelinek. — ^Die Witterangsver- 
haltnisse von Berlin. Von. H. W. Dove.^Essai sur TElectridt^ atmospherique. Par 
M. L'Abb6 Hervieu.--Etudes climatologiques sur le d6partement de la Haute Savoie. 
Par P. M. VauUet. — Etude sur les ph6nomdne8, I'amdnagement et la legislation des 
eanx an point de vue des inondations. Par A. Monestier-Savignat. — Gdographie 
Physique de la Mer Noire de rintSrieur de TAfrique et de la M6diterrante. Par A. 
Pqreaa-do-Lama)le.— Qistoire de r^u. Par E. BoQant.^11 Congresso Intemaaional^ 
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dei Meteorologisti rianito a Vienna dal 2 al 16 Septembre 1878. Belaaione del P. F. 
D6nza.^InBtniotions m6t6orologiqae8 et tablet nsuelles. Par M. E. Benoa. — Le bftro- 
mitre appliqa6 i la pr^vimon da temps en France. Par J. B. Plnmadon.— Lemons de 
Coamologie adresB^es k Monsiear le Yerrier. — Les Inondations. Par A. Landrin. — 
Les ph^nomdnes de Patmospbdre. Par F. Znrcher. — ^Lithologie aimosphdriqae. Par J. 
Izam. — M6moire sar les andmomdtres i indications continues 6tablis prds Oberboarg. — 
Note Bur on an6momitre totalisateor & compteor ^lectriqne. Par M. Le Gh&n6ral Morin. — 
Noavean baromitre enregistrenr k mercnre. Par A. Bedier. — On barometric oscillations 
daring thanderstorms, and on the brontometer. — ^Premidres Notions de M6t6orologie et 
de Physiqae da Globe. Par M. F. H6ment.— Pressione atmosf erica ridotta al medio 
livello del mare in Modena. Di Prof. D. Bagona. — Report on the Meteorology of 
Toronto. By Lieat. Col. E. Sabine, F.B.S.^Besults of tne monthly obaervations of 
Magnetic Dip, Horizontal Force, and Declination, made at the Eew Observatory, April 
1869 to March 1875. — B6sam6 M6t6orologiqae de Tann^ 1866 pour Qenive et le Grand 
St. Bernard. Par E. Plantamour. — ^Biassunto deU* osserrazioni meteoriche esequite 
nelle Stazioni presso alle Alpi Italiane nell* anno 1872-78. Del P. F. Denza. — Sur la 
distribution de la n^bulosit^ moyenne k la surface du globe. Par M. L. Teisserenc de 
Bort. — Symons*s British Bainfall, 1889.— Symons^s Monthly Meteorological Magazine, 
1890. — Table of the corrections for reducing obseryations of the biux>meter to 82® 
Fahrenheit. By J. Glaisher, F.B.S. — Tafeln zur Beduction der in Millimetem abgele- 
senen Barometerst&nde auf die Normal-Temperator von 0° Celsius. Von J. J. Pobl 
und J. Schabus. — The Physical System of the Universe. By S. B. J. Skertchly. — 
Torrents, fleuves, et canauz de la France. Par H. Blerzy. — Traittez des baromdtrcs, 
thermomitres, et notiomtdres ou hygromitres. Par M. Dxxx. 

Taylor akd Fraxcis, Mbssrs.— Taylor*8 Calendar of the Meetings of the Scientific 
Bodies of London, for 1890-91. 

Taylor, Dr. J. C. — Meteorological Observations at Las Palmas, Grand Canary, Oct. 
to Dec. 1888; Jan. 1889 to June, Sept. and Oct. 1890. 

Tbnison, E. H B. — Meteorological Observations made at Bexhill-on-Sea, Dec. 
1888 to Nov. 1890. (MS.) 

ToHLiNsoK, S. — ^Bombay Waterworks. Beport on Pawai project. 

Tripe, Dr. J. W.— Winds, with some remarks on their sanitary effects. 

Ttrer, B.— Bainfall in the County of Gloucester, Jan. to Nov. — ^The Meteorology 
of Cheltenham, 1889. 

Vexvbrs, B.— A Cruise in the Mediterranean. 

Velbchow, F. a. — On the Cause of Trade Winds. 

Yentosa, Y. — M6todo para determinar la direcoi6n del viento por les ondnlaoiones 
del borde de los astros. 

Walker, T.^Meteorological Observations made at Addington Hills, Dee. 1889, Feb. 
and Apr. to Nov. 1890. 

Watsom, Bbv. J.— Meteorological Observations made at Nuneaton. July 1890. 

Wild, H. — ^Neuer Anemograph und Anemosoop. — Ombrograph und Atmograph. 

Williams, Dr. C. T.-«Photograph of the Tower of Winds, Athens. 

WoRiKOF, Dr. a. — ^Yoyage aux salines d*Iletzk et au pays voisin. 

Wood, B. T.— Traces from Bichard Barograph at Conyngham Hall, Enaresborough, 
Yorks, 1879. 



APPENDIX VIL 
REPORTS OF OBSERVATORIES, &c. 

The Meteorological Office.— Lieut. -Gen. R. Strachey, R.E., C.S.I., P.R.S., 
Chairman of Council ; Robert H. Scott, M.A., F.R.S., Secretary ; Nav.-Licut. 
C. W. BaiUie, F.R.A.S., Marine Superintendent. 

Marine Meteoboloot. — Current Charts for all Oceans. — ^The extraction of data 
for this work has been continued. The number of Remark Books which have 
been consulted during the year 1890 has been 5,600, covering the interval from 
1862.1885. 

The Meteorology of the Red Sea, and also of Cape Guardafui, — The charts for 
Capo Guardafui are complete. The work is in the heuids of the printer and will 
appear shortlv. The Red Sea charts are still under treatment, but it is expected 
that thev will ere long be passed on to the engraver. 

The Aden Cyclone ijharts. — These have now been engraved. The only supple- 
mental matters now required in addition, are the remarlu to accompany the dmrts. 

Tl}e Cyclone Tracks of the South Incfian Ocean, — This work is now issuecli 
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The Meteorology of the South Sea. — This has made rapid progress during the 
year. - The whole of the material contained in the office loffs has already been 
dealt with, and a commencement is being made with the logs of H.M. Ships 
obtained from the Becord office. The region mider discussion is the track from 
the Cape of Good Hope to New Zealand. 

Wbatheb Teleobapht. — ^This department of the office shows no chemge. The 
Weekly WecUher Report^ with its monthly supplements, has been brought up to 
date, and the inspection of the Fishery barometers was completed in the course 
of last summer. 

Land Mbteoroloot of the British Isles. — Farts II. and III. of the Quarterly 
Weather Report for 1880 have appeared, and Part lY. will shortly come out. 
With the issue of this part the series of Quarterly Weather Reports^ accompanied 
by copper-plate reproductions of the various continuous curves funiished by the 
seven self-recording observatories, comes to an end. 

The further issue of Hourly Readings has been discontinued, and in its stead 
it is intended to publish in future hourlv means of the different elements for 
five-day periods, and also for each monw, and for the ^ear. The volume for 
1887, which will commence the series, is in the press and will shortly be published. 
A discussion of the mean results obtained -from the Harmonic analysis of the 
pressure and temperature observations made at Greenwich for 20 years, and at 
the observatories of the Meteorological Council for 12 years, is also passing 
through the press and is nearly ready for issue. 

The volume of Observations from Stations of the Second Order for 1886 has 
appeiured, and that for 1887 is more than half printed. 

The observations made at Sanchez, Saman& Bay, St. Domingo, by the late 
Dr. W. Beid, have now been published. 

In addition, the Be^istrar General for Ireland has been supplied with returns 
from 11 stations for lus Quarterly Beports. — February 1891. 



BoTAL Obsbrvatobt, GREENWICH.— W. H. M. Christie, M.A., F.B.S., Astro- 
nomer Boyal ; Departmental Superintendent, William Ellis, F.B.A.S. ; Assistant, 
William C. Nash. No change calling for any special remark has been made in 
the routine of observations or reductions during the year 1890. 

The meteorological photographic records are maintained as in former years : 
these include records of the barometer, of the dry and wet bulb thermometers, 
and of Thdmson^s electrometer. The Osier anemometer, giving continuous 
record of the direction and pressure of the wind and of the amount of rainfkill, 
and the Bobinson anemometer giving record of velocity, are also in good order. 
Since the summer of the year 1889, the old Bobinson anemometer by Negretti 
and Zambra has been mounted by the side of the larger instrument by lurowning, 
which has been in use since the year 1866, and corresponding reaidings of the 
two instruments have been taken daily for the purpose of comparison of their 
records. 

The observations of the temperature of the air ,by thermometers placed in a 
Stevenson screen are still maintained, as well as observations of thermometers 
placed on the roof of the Magnet House 20 feet above the ground. 

The volume for the year 1888 has beeu'recently published, and the printing of 
that for 1889 is nearly completed. 

The collection and reduction on one system of the results of the magnetic 
photographs from 1865 to 1882 in a manner corresponding to that adopted in 
1888 and following years, has made considerable progress. When competed, it 
is proposed to undertake the preparation of a more complete system of meteoro- 
logical averages than at present exists, the material that has accumulated since 
the establishment of the Magnetical and Meteorological Observatory in the year 
1841 being used to give daily means of various meteorological elements on an 
average of 60 years* observations. — February 2wff, 1891. 



BoTAL Observatory, Edinburgh.— Balph Copeland, Ph.D., F.B.A.S., As- 
tronomer Boyal for Scotland. 

The meteorological work at the Edinburgh Boyal Observatory during the past 
year has consisted of the reduction of the observations ti^en at 55 stations of 
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the Scottish Meteorological Society, and the preparation of weather retams for 
the Registrar General for Scotland. These comprise a monthly smnmary for 
eight of the chief towns in the coontry, and a quarterly snmmanr for the whole 
of the stations. Daily readings are taken at the observatory at 1 p.m., and the 
earth thermometers are noted with extreme care every Monday at noon. At the 
dose of the year a new rain ge^'nge was started 12 inches above the ground-level 
at the request of Mr. Symons. The rain caught by it promises to differ materially 
from the record given by the old gauge on Uie roof, vmioh is higher by 28 feet. — 
February 9th, 1891. 



Thb Ebw Obsbbvatobt of thb Botal Socibtt, Bichmond, Subbbt.- 
Whipple, B.Sc, F.B.A.S., Superintendent. 

The several self-recording mstruments for the continuous registration req^- 
iively of atmospheric j^ressure, temperature, and humidity, wind (direction and 
vdocity), bright sunshme, and rain have been maintained in regular operation 
throughout we year. 

The standard eye observations for the control of the automatic records have 
been duly registered, together with the daily observations in connection with the 
U.S. Signal Service synchronous system. 

The tabulations of the meteorological traces have been regularly made, and 
these, as well as copies of the eye observations, with notes of weather, eloud,and 
sunshine, have been transmitted to the Meteorological Office. 

Tables of the monthly values of the rainfidl and temperature have been 
regularly sent to the Meteorological Sub-Conunittee of the Croydon Mierosoopi<»l 
and Natural History Club for pubhcation in their Proceedings. Detailed informa- 
tion of all thunderstorms observed in the neighbourhood during the year has 
been forwarded to the Boyal Meteorological Society soon after their occurrence. 

The electrograph has been in constant action throughout the year, and 
comparisons with the portable electrometer have been made from time to time. 

The supply of the chart exhibiting copies of the daily traces of the self-recording 
meteorological instruments at the Observatory ceased bv instructions from the 
Times office on March last, after continuous publication for 14 yean. 

The fog gauge set up on the north side of the Observatory m 1884 has been 
recently dismounted, as it was not found possible to measure the intensity of 
this phenomenon by its means. 

At the request of the Meteorological Coimcil, the barograph and thermograph 
which have oeen stored at the Observatory since their return from the Armagh 
Observatory in 1886, have been thoroughly re-fitted, and, after a short axDerimental 
trial at the Observatory, re-packed and forwarded to the new Observatory 
at Fort William for use at the low-level station worked in comimotion with the 
Observatory erected on the summit of Ben Nevis. In June lost, on receipt of 
information from Mr. Omond, the superintendent of the Ben Nevis Observatoiv, 
that the new building was ready for the reception of the instruments, Mr. T. W. 
Baker proceeded to Fort William and set them up and put them in proper 
adjustment. Having done this, and instructed Mr. Omond in their manipulation 
and the attendant photographic operations, he returned to Eew, leaving the 
establishment in go<Kl worldng order in July. Owing to difficulties attendauat on 
the regular supply of gas, it was found advisable to adapt the burners for the 
consumption of mineral oil, on the pattern of those employed at the Observatory 
at Valencia Island, Ireland, for the last 22 years, with great success. 

During the past summer 225 series of observations of the sun*s actinic power 
have been made with Violle^s actinometer, described in the last Annual Bieport, 
upon the plan arranged by General Strachey and Mr. Blanford. 

The electrical anemograph, after working on the staging erected on the roof^ 
14 feet to the north of the Beckley instrument, and recording by means of a 
battery composed of eighteen Fuller^s cells, was dismounted on July 22, and 
packed for storage. Dtiring thoporiod it was at work, the traces were forwarded 
weekly to the Meteorological Office. 

At the request of the Meteorological Office, various specimens of lubricating 
oils have been applied to the gearing of the anemograph with the view of deter* 
mining the best for use under tho varying conditions to which it is exposed. 

At the suggestion of General Strachey, Chairman of the Meteorological 
Council, a new departure has been made in the photography of clouds during the 
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past year, with the view of simplifying the operations of determining the height 
and velocity of their movement. Both cameras have been rigidly fixed on their 
stands, with the axes of their lenses pointed directly to the zemth, and photo- 
graphs are now taken simnltaneondv of the area of the sky snrronnding the 
zemth within a oirde of a radius of about 15®. A firame has been constructed 
in which these photographs are superposed one on the other, so that the two 
pictures shall appear to coincide, and a simple measurement of the distance 
between the images of the zenitii points, which are marked by intersecting 
lines, gives a means of readily determining the height of the cloud above the 
suirihce of the ground. A second measurement made in like manner of the dis- 
plaoenwnt of the zeniths in a second pair of photographs taken after a given in- 
terval of time serves to show the rate of travel of the cloud and the direction in 
which it is moving at the instant of observation. Twenty groups of clouds, giving 
heights extending from 1^ miles to 8 miles, and rates of motion from 5 nules to 
64 miles per hour, have been photographed and measured in this manner during 
the past summer. A light fr^ework, 12 feet in height, has been constructed, 
which is occasionally erected above each of the cameras in order to verify the 
position of their zenith points and the orientation of the cross lines on the photo- 
grwhic plates. 

The Committee having considered the desirability of possessing some thermo- 
meters which had been accurately compared with the hydrogen thermometer of 
the Conservatoire des Poids et Mesures, at Paris, instructed Mr. Whipple to 
convey to the director of that office the set of three closely graduated mercurial 
thermometers, whose errors were investigated in 1879, by Professors T. E. 
Thorpe and Bucker (see British Association Report^ 1881, p. 540), and also an 
alcohol thermometer graduated at Eew for the special purpose of the comparison, 
its scale extending from — 100® to -{-90° Fahr. The examination of these 
thermometers has now been completed} and M. Benoit has sent his report upon 
them to Eew Observatory. 

In addition to the usual instruments submitted for verification, the Committee 
have been called upon for special examination and reports upon the following 
articles : the Admiralty, for a Gun Director Telescope, and new pattern Officer's 
Telescope ; the War O^ce for a barometer supplied to the Netley Hospital ; and 
the makers for a new Watkin*s Clinometer, and Watkin*s Aneroid with open 
scales : as well as various instruments for the Anglo-German Boundary Com- 
mission on the GK)ld Coast. 

The Chairman of the Committee, with a view of making the public more con- 
versant with the systems of verification and rating in use at the Observatory, 
prepared in the early part of the year a pamphlet entitled ** Tests and Certin- 
oates of the Eew Observatory." Of these 1,000 copies were printed, of which 
200 have been distributed to the principal opticians and instrument makers. 

The necessary apparatus to enable the examination of photographic lenses for 
cameras to be prosecuted at the Observatory, with the view of granting certifi- 
cates] to the owners or purchasers of such articles, has been prepared, and it is 
in contemplation to adopt two such schemes of examination of lenses, one, a 
comparatively rough or cursory trial which will enable a person to form a 
general idea of the capabilities of a lens, whilst the more lengthy and careful 
trial, for which a higher fee will be charged, will give fall particulars as to the 
various qualities an acquaintance with which is necessary to possess a full know- 
ledge of the instrument. Captain Abney and other gentlemen have rendered 
the Conunittee much assistance in the practical arrangement of the details of 
thu lens testing. — January 20^A) 1891. 



BadclUte Obsebvatoby, Oxford.— E. J. Stone, M.A., P.B.S., Radcliflfe 
Observer. 

The following is a report on the meteorological work of this Observatory for 
thevear 1890 : — 

The eye-observations have been made on the plan stated in the report for 1889. 
But, with respect to the continuous registration of the meteorological instruments, 
it has been found much more convenient to adliero to the plan on which the 
meteorological reductions have been made in previous years ; and, to begin and 
end the day at noon. 
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The self-registering instmments have worked satisfactorily thron^ont the year \ 
and the argentic gelatino-bromide paper, brought into use in Febroary 1890, 
has given satisfaction. 

Weather Bej^orts have been sent, as in previous years, daily (by telegram) to 
the Meteorological Office ; bi-monthly to the United States Signal Office ; monthly 
to the Begistrar-General and local newspapers ; and yearly to Symons* Br'uUn 
Rainfall; and to others by request. 

The eye-observations are reduced to date. The Meteorological ResulU for 1886 
have been printed, and were distributed last November. The BesuUs for 1887 
are under discussion. 

Dr. Haldane and Mr. M. S. Pembrey have completed their experiments, at the 
Observatory, on the moisture in the air, and their results have been printed in 
the Philosophical Magazine for 1890^ page 806. 

The mean temperature of the air for last December was 28^*9, or 10^*6 below 
the average of the last 85 years* observations. The mean temperature for the 
day on December 22nd, was 10°*8, being 28^*0 below the average temperature for 
that day : the lowest reading for the past winter, B^O, was also recorded on that 
day. The total rainfall for the year 1890 was only 18*400 ins., whidi is 7*994 ins. 
below the average of the last 89 years* observations, and smaller quantities have 
£BJlen onlv in the years 1854, 1864, and 1870 during this period. The total 
amount of bright sunshine for the year was 1,411 hours. Only 5 hours were 
recorded during December. — February 19lh, 1891. 



Note on a peculiar development of ^'Cirrus" Cloud observed 

in Southern Switzerland. 

By ROBERT H. SCOTT, M.A., F.R.B. 



[deceived December 2nd, 1890. Bead Jannai^ 21st, 1891.] 
On Friday, August 22nd, 1890, 1 was at San Carlo, in|the Yal Bayona, a tributary 
of the Yal Maggia, in tho Canton Ticino. San Carlo lies on the northern side 
of the Basodino, a well known peak in that district. 

The weather had been exceedingly bright and warm for seyeral days. At 
about 2 p.m. I noticed " cirrus *' coming from the north-west, over the St. 
Gothard district, which lay nearly due north of my position. The cirms 
appeared to rise from a distinct bank of stratified cloud of small extent, not 
dense enough even to deserve the name of ** stratus.*' From this depended 
a decided tail, or funnel-shaped cloud. This precisely resembled the doad 
funnels which accompany whirlwinds, or so-caUed tornadoes. 

I at once remarked to my companion, " that means a break-up of our hot 
weather,'' and sure enough, on the 24th, two days later, a ttrrifio thunder- 
storm burst over the district, and lasted in those valleys for about 24 hours. 
This electrical disturbance was accompanied by very serious hailstOTms, 
which devastated the agricultural products, such as grapes and maize, in some 
parishes. At Bignasco, where I was staying, the fall on the 24th was 
98mm (8-66 inches). 

The succeeding week was very wet, the fall being such as to raise tho level 
of the Lago Maggiore by about six feet. The wet weather terminated on tho 
81st, with another 24 hour thunderstorm, also accompanied by local tor- 
nadoes and hail. Hailstones were reported at Monte Ge&eroso, of which m 
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weired a kilogramme. At all eyents a hailstone weighing 5 oz. is a formid* 
able missile. Enormons damage was done near Como. 

The appearance of a possible whirlwind cloud, at the level of cirrus, fol- 
lowed by electrical manifestations of extraordinary violence and continuance, 
is my excuse for submitting this note to the Society. 

I r^ret not having made a sketch, so as to record, however roughly, the 
phenomenon. 



DISCUSSION.' 

Rev. W. Clement Ley wrote : — " Was any spiral or whirling motion discern- 
ible in the funnel shaped cloud tail ? 

*' On the reply to this ^uery a good deal depends, both of the value of the Note, 
and of that of mv discussion following its lines. 

"'Tails,* of wnat I have termed * pseudo-cirrus pendulus' can often be seen 
(at the close of fine summer weather) depending from a patch of rather cumuli- 
fonn ice-cloud, perpendicular when the movements of the atmosphere in the 
neighbourhood of the cloud are uniform ; inclined at various angles to the earth's 
surfJEUse whenever (as is most commonly the case) when the upper surface of the 
cloud is moving with a velocity or direction differing from that of the air below, 
where the taQ of descending ice-crystals undergoes evaporation. Here spiral move - 
ments are not visible, and all questions relating to the cloud-form are very simple. 

"If, on the other hand, spiral movements were observed at the cirrus altitude, 
this Note will ultimately involve an entirely novel departure in the dynamical 
theory of the movements of the atmosphere. 

" * Funnel clouds * at the base of Cumulus and Cumulo-nimbus are very com- 
mon indeed. To explain the formation of such clouds in the Cirrus region would 
be a new, and, I think, a most difficult task." 

Dr. Mabcet said that it was remarkable that a violent storm occiured in the 
Valley of Joux, near Neuchatel in Switzerland, at about the same time as the 
storm described by Mr. Scott. This storm was very destructive, many houses 
and a large number of trees being blown down. 

Mr. Stmons said that the latter part of August 1890 was remarkable for the 
frequency and severity of the tornadoes or whirlwinds which prevailed. Among 
the most violent were the following : — 

On the night of August 15th, a storm in the vicinity of Carcassone, in the 
Department of Aude, in the South of France, in which the damage, chiefly by 
hail, was found to have exceeded 25,000,000 francs (one million sterling). 

On the ni^ht of the 18th, two storms, in each of which great wreckage was pro- 
duced by wind. The first was near Miremont in the Department of Dordogne 
in the south-west of France ; and the other j^assed south-west of Paris, from 
Dreux in Eure et Loire, to near Mantes, in Seme et Oise. The ruins at Drenx 
(where the path of the whirlwind went right across the town) had been visited 
and photographed by M. Teisserenc de Bort and by Mr. Ilotch. 

On the night of the 19th a similar storm, with excessive wind and hail, visited 
St. Claude in the Jura, and crossed the frontier into the Canton Vaud, Switzer- 
land, wrecking churches, houses, and vineyards. 

On the 25th a destructive storm passed over Citta di Castello (Ferula), about 
100 miles north of Rome, which overthrew four churches, did great damage to 
house roofis, and injured msmy persons. At Pistuno, in the same neighboiurhood, 
a house fell and buried severaJ persons, and the adjacent Commune of Citema 
was devastated. 

Mr. Whipple said that he was much interested in this account of cirrus cloud 
formation, as he had been keeping a particular watch for the past year or so in 
order to secure good photographs of cirrus clouds. He called the attention of 
the Fellows to the desirabiUty of carrying a small photographic camera, such as 
the " Kodak," with them when travelling, as they would then be prepared to 
take photographs of clouds or other objects possessing meteorological interest 
wliich they might happen to meet with. He had seen, a few hours previously, 
at the Boyal Astronomical Society, an engraving of ball lightning observed in 
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the streets of Toiilonse, and thonght that an observer whomi^t by chance obtain 
a photograph of tliis phenomenon would be indeed a most fortunate individual, 
and amply repaid for his trouble in carrying the apparatus. 

Mr. Bruce remarked that shortly after the occurrence of the storm described 
by Mr. Scott, he traveUed by railway from Basle to Rhetms, and along the whole 
French route he saw evidence of the violence of the storm. 

Mr. Scott stated that as far as he was able to fix the level of the cloud he observed, 
it appeared to be at the level of cirrus. At aU events, it must have been above 
12,000 feet high, for it was clearly higher than the St. Gothard peaks, which 
reach about to the level of 10,000 feet. He begged to append a copy of a letter 
on the subject of his paper which he had received from Dr. Hann. 

Extract from a letter from Dr. Juuus Hann, dated Nov. 20, 1890, to Mr. 
Scott : — " Your cirrus observation is very interesting. I myself have never seen 
anything of the kind, or, at least, my attention has not been specially attracted 
by it. Possibly, at the time of your observation, there existed a sort of mistable 
cquilibrimn between the upp^r and lower strata of the atmosphere. I think that 
I have somewhere or other drawTi attention to the circumstance that not very 
uncommonly on the south side of the Alps the lower warm strata on the Ice 
side {Wind SchiUze) of the Alps are covered at a great height by colder currents. 
It would take some time before the reaction between the two brings about a con- 
dition of more stable equihbrium. Your observation of a sort of funnel cloud 
{Trotnbe) appearing at the height of cirrus might easily fall in with this idea. 
The Alps would certainly, up to the level of 8,000 metres, delay the mixtiure of 
these currents, so that the upper currents must move at the lev^ of 5,000 metres 
and upwards. Many phenomena at the commencement of thunderstorms on the 
Plain of Lombardy, especially as to their frequent accompaniment by hailstorms, 
might bo easily explained on this idea. 

*' At aU events, you shoidd print your Note, if possible with a simple sketch, as it 
is new, and deserves to be generally known." 



SOME REMARKS ON DEW. 

Being Notes on Observations which were made to discover whether Dew 
is all deposited from the Air, or if some also comes from the Earth 
and Plants, and also what quantity is formed during the Year. 

By Colonel W. F. BADGLEY, F.R.Met.Soc. 



[Received November 15th, 1890.— Read January 21st, 1891.] 

I WAS first induced to make these inquiries by seeing that my camp boxes in 
India, after being on the ground at night, were wet underneath, and by 
noticing that the arrangement of the drops of dew on the edges and points of 
the leaves of com and other plants was such as could not have been due to the 
deposit of dew from the air. I should have followed up my ideas much 
earlier but for the difficulty of deciding on a method of working them out. 
I had not seen Wells' book on Dew, and the only meteorological work I had 
read hardly mentioned dew at all. It was not till the beginning of 1888 that 
chance led me to begin observations. At that time I received a box with a 
thin zinc lining ; I cut the zmc into plates, exposed them, and found that 
owing to their thinness and dullness through oxidation they condensed the 
dew perfectly, and that my chief difficulty was ended. 

I made the first set of observations in India in 1888, while in camp on the 
Puhiey Hill plateau, in latitude 8°80' N., and at heights varying from 7,600 
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to 4,500 feet above the sea. They were few, as the camp moved every day, 
and there were not many suitable places with short grass and free exposure 
to the sky to be found, and also because the wind, which was from the North- 
east and very dry, blew strongly for some time and dried up the dew as it 
was deposited. During the best weather this wind would often set in towards 
luoming after a calm night, so I always covered the plates over at 4 p.m. 
and examined them at sunrise. 

The second series of observations I made in 1889-90, at Kyrewood House, 
near Tenbury, in Worcestershire, at a height of about 400 feet above the sea, 
the locality being a tennis lawn between a garden and an orchard, with a 
pretty fair exposure to the sky and grass kept short by a machine. 

I used two zinc plates about 8^^ inches in diameter and dull with oxidation 
These I laid on the grass about sunset and took up about sunrise. One side 
of each plate I dried, and weighed the plate with the dew on the other side. 
The dew on the grass, which had been covered by one of the plates I took 
np with blotting paper, and added its weight to that of the dew on the under- 
side of the plate. I made the measurement of the dew by weights representing 
drops, 300 of which were made to go to an ounce avoirdupois, as I foimd 
that 10,000 such drops would cover my plate (with an area of nearly 58 
square inches) just 1 inch deep, and that therefore, in recording, all that 
would be needed to convert a drop into its depth in decimals of an inch, 
would be to apply a decimal point and three ciphers. 

In the English experiments I exposed a third plate on a tripod at 5 feet 
from the ground. The quantities of dew on the two sides of this plate were 
usually equal or nearly so, but occasionally there was a decided difference, 
and more often when this happened the greater quantity was on the lower 
side of the plate. In the record sent to the Society* I have entered the half 
of the whole amount of the dew on both sides, except when it rained, when 
I give the quantity on the underside. 

At the end of the twdve months' record I have added a table giving some 
experiments made to find what quantity of dew is exhaled by plants. There 
are not many of these, a^ I could make none when the leaves were wet in the 
evening with rain, and I rejected those made on nights when it rained, as 
some of the rain might have trickled into the tube. This article, in which 
the exhalation was collected, is a thin zinc bottle about 10 inches long by 8^ 
in diameter at its widest part. I set it an inch or more above the ground, 
according to the plant examined ; some of the leaves being inside, I closed 
the mouth with a crumpled leaf, and in the morning measured the area of the 
leaves and weighed the water in the bottle, and from these have calculated the 
depth of dew. 

In the records of observations with zinc plates, column 1 gives the date of 
the day following the night of observation. Columns 2 and 8 give the 
quantities of dew collected on the upper and undersides of plates exposed on 
the grass. Rain or wet fog during the night is shown by a dark line in 

^ These obeervations are preserved in the office ol the Society. — £p. ^ 
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column 2. Column 4 gives the dew collected on one side of a plate supported 
at 5 feet from the ground. Columns 5 and 6 give the minimum temperature 
for the night of observation and the maximum for the date. Column 7 gives 
the humidity of the evening before the night of observation. And the 
remaining columns give roughly the direction and force of the wind and the 
aspect of the sky. 

A total of the dew collected on the plates exposed on the grass is given at 
the end of each month, and to this has been added what, by calculation, ought 
to have been found on the upper side of the plate on nights when it rained, 
and this increased total is taken as the dew for the month. 

The following are the conclusions which I deduce from the observations, 
and my reasons for them : — 

I. That the earth always exhales water vapour by night, and probably a 
greater quantity by day. 

The record of observations shows that on many nights during the twelv® 
months, a considerable quantity of water vapour rose from the earth 
and was condensed as dew on the undcr-surface of the plates laid on the 
grass. It is apparent, also, that the amount of dew condensed from this 
vapour depended on the favourableness of the weather. On nights 
with a clear sky and a gentle wind the quantity was always large, while the 
more unfavourable to radiation and the more windy the night, the less dew 
there was. Therefore, presumably, had there been no wind, and had 
the plates being cooled equally by radiation every night, the earth vapour 
would have been condensed equally on every night. Also, as Wells in his 
treatise on Dew has shown, that in favourable weather dew is formed all 
through the night, and as it appears from my observations that much of the 
dew comes from the water vapour given off by the earth, it follows that 
vapour issues from the ground continuously during the night. If it do so 
throughout the night, it may be concluded that it continues to do so during 
the day, and that the earth always exhales water vapour. 

As to the second part of my theorem, that the earth exhales a greater 
quantity of water vapour by day than by night, I am undertaking some ex- 
periments to test the quantities, and intend to continue them for twelve 
months. 

n. That the quantity of water vapour given off by the earth is always 
considerable, and that any variation in the quantity is mainly due (in England) 
to the season of the year. 

I have taken the average quantity of dew collected on the underside of the 
grass plate on those nights in each month which were most favourable to 
radiation or were frosty, and dividing these by the number of hours during 
which the plates were exposed, I find that the quantities condensed, in 
decimals of an inch per hour, are as follows : — 

November ... -00048 March -00048 

December ... -00043 April '00060 

January ... '00087 May -00055 

February ... -00084 June -00072 
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Jtily '00061 September ... ;'00053 

August ... •00061 October ... -00049 

That is to say, the exhalation in summer is twice as much as in winter. 
The mean of the above figores is *000501, which is the average quantity of 
dew from the earth vapour in an hour at night, and if the earth gives off as 
much vapour during the day as during the night, then during^the past twelve 
months the earth has exhaled vapour sufficient to produce more than a 
hundredth of an inch of water daily, or nearly 4^ inches in the year, which 
is over a sixth of the rainfall in this county (Worcestershire) ; as the weather 
during this time has been more dull and cold and less rainy than usual, this 
amount of moisture exhaled is below the yearly average. 

m. That the greater part of the dew comes from the earth vapour. 

This is plain enough from an inspection of the record. During the twelve 
months 1*2040 inches of dew were collected on the underside of the grass 
plate, and *8677 inches on one side of the plate raised 5 feet from the 
ground. That is, the dew from the earth vapour exceeded that from the air 
vapour in the proportion of more than 8 to 1. 

On particular nights, when everything is favourable, the dew condensed 
from the air may exceed that from the earth vapour, and there are seven in* 
stances of this in the record in the months of September and October ; but 
taking the year through, the quantity supplied by the earth is, as shown 
above, very much more than that from the air, and I am surprised that so 
acute an observer as Wells should have missed this. It was no doubt owing 
to his observing on fine nights only, for his cotton wool method was not 
suited to any other weather. It will be noticed that on the seven nights 
referred to, and as a general rtlle on every night on which dew was found 
on the raised plate, the quantity on this plate has exceeded that on the upper 
side of the grass plate, and that the wind was calm or very light. Also, 
that in most cases where dew was found on the upper side of the grass plate 
and none on the raised plate, there had been moderate or strong wind. The 
wind, in fact, moving more slowly along the ground than at 5 feet above it, 
was able to get at the raised plate more easily, and in the one case to dew it, 
and in the other case to dry it, more thoroughly than the plate on the grass. 

I think it probable that on favourable nights the greater part of the 
vapour from the earth is condensed before it passes the surface of the grass, 
and that whatever dew is found on the upper surface of the grass plate on 
such nights is for the most part moisture brought by the air from a distance. 

lY. That plants exhale water vapour, and do not exude moisture. 

At the end of the record of observations with zinc plates I have given a 
table showing the results of some experiments made with a zinc bottle, in 
which I enclosed sprays of different plants on nights more or less favourable 
to radiation. In this table I have given, as in the previous ones, the aspect 
of the sky, but omitted wind, temperature and humidity, as not necessary to 
the inquiry. 

The bottle was set in the evening, when the plants were dry, before dow 
began to form, and was supported horizontally, at whatever height y\-^n eg.. 
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cessary, with some of the plant experimented on inside. The month was 
closed lightly with a crumpled leaf and the results examined in the morning. 

I found that some plants gave better results than others, notably oats, 
some plants of which had sprung up in the garden from seed brought with 
the manure, and which I had saved from the gardener^s clutches. Grass 
disappointed me ; but its situation in a meadow, where the bottle was some- 
what sheltered by the surrounding grass, may have had to do with the small 
results. 

I was quite satisfied that the water collected in the bottle came from the 
plant, but in case an objection might be made that it came from the air in the 
bottle and not from the plant, I tried the experiment, on a clear night, of 
sotting out the empty bottle, closed as usual with crumpled leaves, and in the 
morning found no result that would affect my balance. The experiments 
recorded were rough, but they were on a sufficiently large scale to produce 
easily measurable results, and no trial was made when the plants were wet 
from previous rain, nor was a trial recorded if rain fell in the night for fear 
some drops might have trickled into the bottle. Mr. Aitken's observations, 
however, sufficiently prove that plants produce water in quantity. 

On examining the bottle in the morning I found that moisture was collected 
on its inner surface — sometimes as much as a teaspoon full — and that the 
plant was itself nearly dry. No other explanation of these circumstances 
occurs to me except that the moisture found in the bottle was given off as 
vapour by the plant, and was condensed from the air, with which it then 
mixed, by the cold sides of tlie bottle. 

I believe that plants give off aqueous vapour in the same way that they 
give off carbonic acid and other gases, and that the drops seen on the edges 
of leaves on fine nights are so formed because of the immediate condensation 
of the vapour on its issue from the pores of the plant, and if examined would 
be found to be pure water — dew in fact — and in no manner mixed with the 
juices of the plant, which would certainly be the case were it an exuded fluid. 

I may remark that where I have mentioned the earth and the vapour from 
it in the above notes, I have included the grass covering and the vapour from 
this grass. It would have been uselessly confusing to have made a distinction 
between the soil and its covering before this, but I will now detail an experi- 
ment made to try to find what part of the dew on the underside of the plate 
on the grass might bo supposed to come from the earth vapour and what part 
from the plant vapour. I cut the grass and weeds from a measured piece of 
the lawn, and took the area of all the green leaves. I found that the 58 
square inches of soil covered by my grass plate bore upon it 142 square inches 
of leaf, taking both sides of the le^into^ account. The average depth of dew 
'^frtftn the vapour of plants in all mj^ experiments is >t)00465 of an inch, which, 
^multiplied by 142, the area of the grasiS, aiM amdi6d'^% '58, the area 
■x^ the plate, gives <)0112f iifeh- k8^4he'* i!hi'era^'•^^^^ I^te 

'would have condensed from a mixture of "^these plantiir Tlii^^lf^ift^e 
'^quantity of dew condensed on =the underside - of-"tkti^ gristf '^:t)lite 
9n the same nights is -004057 inch, of which, therefore, about thre» pfedis 
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Camo from the soil, and ono part from the grass on it, if the grass be allowed 
to represent the mixed plants. So much, however, cannot be said to hold 
good for the whole year. These experiipents were made from April to Sep- 
tember. Probably in winter plants — even those that are evergreen — give 
off little water vapour, while the soil, retaining its heat unchanged at a short 
distance below the surface, continues its exhalation of vapour with much 
less change. 

The total quantity of dew collected on the grass plates in the year was 
1*6147 inches. 

I will end my notes with a few remarks about some peculiarities that may 
be noticed in the daily record. 

The case of November 26th and 28th is peculiar. On the first date there 
were 89 drops on the upper side of the grass plate, and on the second date 
only 5 ; both nights were clear and frosty, but on the first night there was a 
damp West wind, and on the second a dry North wind. 

On December 14th there were 86 drops below the grass plate, and the sky 
was clear ; on the 15th 12 drops only, and the sky cloudy. The minimum 
was 28° on both nights. Evidently the surface of the grass was warmer than 
the air on the second night, or the dew would have been frozen and retained 
on the plate, as on the first night. 

On December 16th there was nothing on the grass plate, but 8 drops on 
the 5 foot plate. The explanation is that the radiation was sufficient to cool 
below dew-point the isolated plate, but not the plate in proximity to the 
warm earth. 

On December 29th, and January 2nd and drd, it froze hard day and night; 
but the plates put out on the grass had condensed on their under- surfaces 
86, 52 and 41 drops. Other cases of the same sort are March Brd and 4th. 
Evidently such frosts as occur in England do not prevent the aqueous vapour 
of the earth from rising. 

On January 81st there was nothing on the raised plate, 2 drops on tho 
upper side of the grass plate, and nothing underneath. Probably there had 
been a very light rain, and the light wind had not been able to get at the 
plate on the ground to dry it, though it had dried the raised plate. 

There were fourteen nights on which no dew was found on the grass plates ; 
bat the weather on all was very unfavourable to the formation of dew, and 
they therefore afford no reason for supposing that the earth did not give off 
vapoor as usual. 

I have made out nothing new from the observations for humidity. 

I regret that I did not begin earlier in India, or had not further time for 
observations. I have given those made in the Pulney Hills merely to show 
how heavy the dew is in the Tropics. The place where they were taken is a 
hill plateau, rising abruptly to a height of a mile and a quarter above the 
plains, and surrounded with magnificent precipices, some of them 2,000 feet 
high. The top is undulating and hilly, covered with grass, with little forest 
but with some lovely waterfalls and hill scenery. Beside an iiHifirfalrlikd 
three miles round, 4i sanatarium has been established thvirc4 y^jiih t\ icH^ifyi 
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climate in siiinmcr toud frosty nights in winter. The dew ai times is exces- 
sive. Temperature has a great deal to do with this, the change between day 
and night in winter being often 45^ or more. I have several times fonnd the 
thermometer 28° at night, and above 75^ in the day, and nearly the whole of this 
change occurs between sunset and eight o'clock. The feeling is like entering 
an ice house. I inadvertently tore up my notes on temperature after using 
them for my official report on work in the Polney Hills, and so have to leave 
the record incomplete. 

The observations show how much wind interferes with dew, and the entries 
of March 18th and 16th are instructive, the plates having been heavily 
dewed, though placed on bare ground. So also are those of Febroary 6th 
and 19th March, showing that though the soil had been drying up, without 
rain to speak of, for a month and a half, the amount of vapour given off by 
it was nearly the same. 



Note by inE Authob. — The plates were exposed on the grass, there was, 
therefore, no circulation of air under them. The manner in which the bottle 
was closed was sufficient to prevent outside moisture from being deposited 
inside, which was all that was required. No iron or dry wood was used. 
The maximum and minimum temperatures are given for every day, though 
the observations were not made to discuss the effects of temperature or other 
points sufficiently investigated long ago. A paper regarding most of the 
points referred to in my notes was published (I believe) by Mr. Aitkcn a 
month or more before mine was sent to the Society, and Wells' theory was 
therefore modified from the prior date. 



DISCUSSION. 

The Hon. F. A. R. Russell said that tho author had omitted to state how 
close to the grass tho plates were placed, and much would depend on the freedom 
of circulation of air between the plates and the ground. The experiments made 
by the author did not appear to establish any conclusion, for causes of error 
were not sufficiently guarded against, and same of the terms used were not con- 
venient. For instance, by ** exhalation " and " exudation " we may probably 
understand ** evaporation.'* There were, no doubt, great differences in the 
manner in which dew deposited itself on diifferent occasions, and the same might 
be remarked in rimy frosts. Quite recently he had observed, after one severe 
frost, that the rime, instead of being formed mainly on the upper surfisices of 
leaves, twigs, &c., was very nmch thicker on the under surfaces, and he could 
not say for certain what circuinstanccs brought this change about, but probably 
owing to tho atmospheric condition and fog overhead the radiation, after a fog 
canio on, had been more intense towards the hard frozen ground than towards 
the sky. It is remarkable how decidedly rime usually grows on the windward 
side o^any object, and the lightest air is sufficient to cause the fine needles to 
form abundantly on the side from which it blows. The author's experiment with 
the plant in tho bottle seemed to be vitiated by the manner in which the bottle 
was imperfectly closed with leaves. " Exudation " wasoutofthe question where iron 
and dry wood became covered with dew. However, these obsorvationli should be 
followed up, especially with regard to the deposition on plants, and might lead to 
results of some value. 

Mr. Whipple thought the paper did not contribute much to our knowledge of 
tho formation of dew. 
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Mr. Inwards said that it was to be regretted that the author had not tried the 
experiment of placing one plate on the top of another and larger one, so as to 
ascertain whether any moisture was collected on the under side of the top plate, 
from which any moisture issuing from the soil might be supposed to be effec- 
tually cut off. 

Mr. Stmons said that he had never studied the formation of dew, but he 
believed the maximum amount of dew which could be collected from one night's 
deposition was 0*15 in. This paper raised one subject which was frequently lost 
signt of when the question of dew was under consideration, viz. the evaporation 
from the earth. This point had been carefully thought out nearly half a centiury 
since bv the Rev. L. Jenyns (now Rev. L. Blomefield) in sections 219 to 227 
of his Obaervaiions in Meteorology, which it would be well to read along with Col. 
Badgely's paper. 

Mr. G. Harding inquired whether Mr. Dines could give them any information 
csonceming the experiments on the formation of dew made by his &ther, the late 
Mr. George Dines. He believed Mr. G. Dines had said that he often found much 
more dew deposited on the under side of a flat piece of wood raised about 4 
inches above the ground than on its upper surface. It was a pity the author of 
this paper had ignored temperature, as the results would doubtless be affected by 
this factor. He considered further experiments necessary before any modifica- 
tion of Wells* theory could be established. 

Mr. W. H. Dines said he was afraid he could not give much information con- 
cerning his father*8 experiments, but so far as he recollected the conclusions his 
father came to were that a still night was most favourable for the formation of 
dew, with a high temperature during the day and a low night temperature. The 
board referred to by Mr. Harding was used for exposing thermometers in con- 
nection with some experiments to ascertain the amount of terrestrial radiation. 
It was about 6 ins. from the ground. His father had found that the readings of 
the thermometers underneath the board were sometimes much lower than the 
readings of those on the top of the board. 

Mr. M. Jackson said that he had noticed that the deposition of dew was 
generaUy greater after a series of heavy rains, when the earth was thoroughly 
soaked, than it was in dry weather, and he therefore was inclined to think that 
more dew was derived from the ground than from the air above it. 

Mr. Miller said that several years ago he had conducted a series of experi- 
ments upon the amount of evaporation from various soils and plants, the results 
of which were embodied in an essay which was to be found in the Library of the 
Society. He proposed, as soon as leisure permitted, to continue these experi- 
ments further, usmg various films. 



THE PROBLEM OF PROBABLE ERROR A8 APPLIED TO 

METEOROLOGY. 

By THOMAS WILLIAM BACKHOUSE. 
(Communicated by G. J. Stmons, F.E.S.) 



[Received November 5th, 1890.— Bead February 18th, 1891.] 

The average or arithmetical mean has always been accepted and used as the 
best rule for combining direct observations of equal precision upon one and 
the same quantity. This universal acceptance may bo regarded as sufficient 
to justify the axiom that it gives the most probable value ; for after all, as 
Ijaplace has said, the theory of probability is nothing bat common sense 
reduced to calculation. 

But what is true with regard to (for instance) measurements of some object 
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whoso dimension is real and nxod, is not equally true as applying to measure- 
ments of different objects, the average of such measurements being an ideal 
quantity. A series of annual rainfalls are measurements of varying quantities, 
and one would expect that the ideal annual rainfall would be better expressed 
by the geometric mean than by the arithmetical average. 

A series of numbers, of which the varying quantities for yearly rainfall 
are a good example, may give rise to calculations upon the likelihood of any 
of them recurring, or the probability of any other selected number taking 
place. 

Arithmetically, the consideration of the probability of any quantity of rain 
falling is one of differences^ that is, the chance of the occurrence of a given 
quantity exceeding the average would be the same as that of one less than the 
average by the same difference ; or the chance of twice the yearly average 
rainfall would be tlie same as no rain at all in a year ! But the consideration 
of any proportions of the average is the treating of that average geometrically ; 
that is, the chance of twice the yearly average rainfall occurring is the same 
as that of half that quantity ; the chance of three-halves the average the 
same as two-thirds ; that of five-fourths the same as four-fffths the average ; 
and so on. 

When the frequency of recurrence is required, then the statement of the 
probable error of the average or moan, or the probable error of the com- 
ponents of the average or mean, must be set forth ; the probable error being 
calculated in the ordinary way by the method of least squares. 

Though the geometrical mean of itself may not, and where the components 
are within somewhat narrow limits will not, be of much greater precision 
than the arithmetical average ; yet with the necessary geometric treatment of 
the deviations its value is enhanced and emphasised. 

As illustrating the justness of the theory for the treatment of deviations 
geometrically, it may be cited that in British Rainfall for 1881, p. 18, and 
1883, p. 29, there occur the statements derived from percentage calculations 
of a long series of yearly rainfalls at several places, that marked excesses 
above the average are more frequent than deficiencies — ^^as they should be 
geometrically ; and that the excess in the wettest year is one-and-a-half times 
the average, and the defect in the driest year is not more than G5 per cent, 
of the average — which is the same as the geometrical statement that three- 
halves is equally likely with two -thirds the average. 

I am therefore surprised at not having seen the views of Galton on •* The 
Geometric Mean, in Vital and Social Statistics," and their enlargement by Mac- 
Alister entitled ** The Law of the Geometric Mean," both^of which papers appear 
in the Proceedings of the Royal Society^ Vol. XXIX. pp. 865-876, applied to 
meteorological statistics, since these gentlemen pointed out the mode and 
importance of their application. I have only noticed one such attempt to 
adapt them, and that in a case to which the principles were not really 
applicable, so that it was, of course, unsuccessful. 

In order to show whether the applictttion of* those views is justified, there 
follow here some calculations on 90 ■^eaifs'^^ rainfall at Sunderland {i.e. since I 
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commenced to observe it). Table I is tbns explained : Columns (1) and (2), 
(5) and (6) contain the annual rainfall from 1860 to 1889 in order of time 
and order of amount respectively ; column (8), the logarithms of the yearly 
quantities ; at the bottom of columns (2) and (8) occur the arithmetical 
average, probable error, and *' quartile " of the figures in these columns, for 
the whole 80, for the first 15, and for the second 15 years ; column (4) 
contains the natural numbers corresponding to the averages, probable errors 
and *' quartiles " of the logarithms in column (8). Columns (7) and (8) 
contain the deviation of each yearly quantity and of its logarithm from their 
arithmetical averages for the 80 years. 

The " quartile *' (as Dr. MacAlister calls it, but known in some text books 
as '* probable error of one observation ") has such a value that the number 
of deviations from the average greater than it is the same as the number 
less than it ; or, the chances are even that a deviation taken at random will 
be greater or less than the ** quartile.'' 

In accordance with the principle of the geometric mean the results from 
the logarithms are theoretically the more correct, though their collation with 
those derived from the ordinary average shows that in the present investigation 
it makes but little difference which is used. 

Table 11 is as follows : Column (1) contains coefficients (in half units) for 
a suitable range ; column (2), the values of the percentage probability integral 
(see Table n of Merriman's Text Book of Least Squares, p. 187) ; column 
(8), this probability integral for 80 years ; colunms (4) and (5), the number 
of times the quartile multiplied by coefficient in column (1) occur in the 80 
years. 

When either the quartile or probable error,* together with the number of 
observations, is given, we can readily find out by the aid of tables the pro- 
portionate number of occasions that any particular amount of rain is likely 
to occur on. For example, taking the results derived from the logarithms : — 
Below four-fifths, or above five-fourths the mean, once in 11 years. For the 
greatest deviation that has occurred in the 80 years, viz. that whose difference 
of logarithm from the logarithm of the geometric mean is 0*1580 (t.<?. repre- 
senting a rainfall of 86*86 inches or more, or 18*22 inches or less), once in 
about 160 years. Below half, or above twice the average, otwe in about 
400,000 years. 

As shown by Table 11, the agreement of observed and calculated deviations 
is generally close, and where divergent it would seem more likely that it is 
by accident than by the failure of application of the process. When, however, 
the 80 years are divided into two groups of 15, the arithmetical averages and 
geometrical means of the rainfall for each differ more than an inch from the 
average and mean of the 80 ; whereas according to their probable errors they 
shoold be expected only to differ about two-thirds of an inch from the truer 

'i 'm 

1 Whether the quartile or the probable error of an average be given is of little con- 
Beqnence, as when the number, 7^ of observations (supposed of equal wuiglit) is known, 
one can be deduced from the olhcr, the quariile; being probable error of average X>/w, 
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TABLE I. 



For 
years 



For 

first 

•'ars 



Year. 



(I) 



Annual Hainfall. 



i860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
i86g 
1870 
1871 
1872 

1873 
1874 

1875 

1876 

1877 

1878 

1879 
1880 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 



(2.) 



'Average .. 
Prob. error 

Quartile .. 



^Average .. 
Prob. error 

Quartile .. 



For 
second 

15 
years 



'Average .. 
Prob. error 

Quartile .. 



Ins. 
30-81 
22*26 
2476 

25*44 

2377 
26*05 

2790 

2387 

21*29 

24*25 
22*91 

2330 
3686 

20*09 

2289 

27*19 

28*70 

3051 

31*03 
2658 

29*01 

2945 
29*96 

26'49 

I9'I2 

2596 
30*07 
2499 
26*49 

23*43 



Log. 
(3.) 



26-18 
±o*47 
±2-56 



Ins. 
1-4887 

1*3475 
1-3938 

1*4055 
1-3760 

1-4158 

1*4456 

1*3779 
1-3282 

i'3847 
1*3600 

1*3674 
1-5666 

1*3030 

1-3596 

1*4344 
1*4579 
1*4844 

1-49x8 
1*4246 
1*4625 
X-4691 

1*4765 
1*4231 

1*2815 

1*4143 
1*4781 
1*3978 
1-4231 

1*3698 



25-10 
±0*73 
-+-2-82 



27-27 
±0-55 
-4-2-12 



I4136 
+0-0077 

HhO-0421 



1*3947 
+0*0114 

±0*0443 



1*4326 

+0*0095 
+0*0368 



(4.) 



Year. 
(5.) 



Ins. 



• • 

• • 

• • 

• ■ 



Annual 
Kainfall. 

(6.) 



Deviations. 



Ins. 



2592^ 
+0-46 
— 2-40 
4-2*63 




27*081 
—0-59 
+o*6o 
( — 2*21 

I +2*39 



1 



1884 


19-12 


1873 


20-09 


1868 


21*29 


I86I 


22*26 


1874 


22-89 


1870 


22-91 


I87I 


23*30 


1889 


2343 


1864 


23*77 


1867 


23-87 


1869 


24-25 


1862 


24*76 


1887 


24*99 


1863 


2544 


1885 


25-96 


1865 


2605 


1883 


26-49 


1888 


26-49 


1879 


26-58 


1875 


27*19 


1866 


2790 


1876 


28-70 


1880 


2901 


I88I 


29*45 


1882 


29-96 


1886 


30*07 


1877 


30-51 


i860 


30-81 


1878 


31*03 


1872 


3686 



Yearly 
Amount. 

(7-) 



Ins. 

- 7-06 

- 6-09 

-4*89 

- 3-92 

- 3*29 

- 327 

- 2-88 

- 2-75 

- 2-41 

- 2-31 

- i'93 

- 1*42 

• 1*19 

■ 0-74 

- 0-22 

- 0*13 

• 0-31 

• 0*31 

■ 0*40 

• i-oi 

• 1-72 

• 2-52 

• 2-83 

• 3*27 
•3*78 

■ 3*89 

■ 4*33 
463 

4-85 

10-68 



Log. 
(8.) 



•1321 
•1106 
•0854 
•0661 
0*0538 
•0536 
•0462 
•0438 
-0366 

0357 
'0289 

0-0198 

0*0158 

0081 

-0007 

0*0022 

-0095 

•0095 

•Olio 

•0208 

•0320 

•0443 
•0489 
00555 

0*0629 
0*0645 
0*0708 

0751 

*0782 
•1530 



^ These are the geometric meanM. 
If hyperbolic logarithms, instead 
of common logarithms, had been 
used (as suggested by MacAlister^s 
paper), the same reanlting figures 
would have been obtained in col. 

(4). 



average or mean, which one must suppose to be given by the whole 80 years. 
This suggests that the rainfall is subject to a period of deficiency or excess 
whoso latv differs distinctly from that yielding the accidental variations, 
though it may be that the difference is not too great to be so accounted for. 
The occurrence of three rainfalls in the 80 years that should occur once in 
11 years shows a good agreement between theory and fact ; but the circum- 
stance that one fall has occurred deviating to such a degree from the mean 
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TABLE II. 



CoeiBcient. 


ProbabiUty 
Integral for 


Number of 

times 

Quartile 

X Coeff. 

occurs by 


Coefficient. 


Probability 
Integral for 


Number of 

times 

Quartile 

X Coeff. 

occurs by 


lOO 

years. 


30 
years. 


• 


• 

a 

1 

Hi 


100 
years. 


30 
years. 


i 

.9 


• 

■s 


Minus. 
00 t0 4| 

4* *f 4 
4, M 3l 
3i M 3, 
3 „ 2j 

2j ., 2 

2 „ I| 

II t> I 
I » i 

1 If o 


•I 

•2 

•6 

1*2 
2*5 

4*3 
67 

9'4 
irS 

13*2 


•0 
•I 
•2 

•4 

7 

1*3 

2*0 

2-8 

3 5 
40 







I 
I 
2 

4 
4 

4 






I 
I 
I 
I 

4 
3 
3 


Plus. 

to i 

k » I 

1 „ ij 
li 11 2 

2 „ 2i 
2i ,. 3 

3 f. 3i 
3i M 4 

4 .1 4i 
4i II » 


13*2 
1 1-8 

9*4 
67 

4*3 
25 

1-2 

•6 
•2 

•I 

100 


4-0 

3*5 
2-8 

2'0 

1*3 

7 

•4 
•2 

•I 

•0 


4 

2 

3 

4 








I 



6 

I 

4 

4 


o 



I 






Totals .... 


30 


30 


30 



as should onlj happen accidentally once in 160 years shows either that the 
theory is only partially applicable,^ or else that that fall was of an exceptional 
nature, such as cannot be expected to recur (at Sunderland) in the lifetime 
of any one now living. 

It is ohvious that the theory is not applicable to the case of daily rainfall, 
for it can only apply in cases in which the most frequently recurring numbers 
are those nearest to the average ; and in the case of daily rainfall the most 
frequent numbers are the least possible, namely 0*00. For the same, but 
weakened, reason the formulsB will not apply to weekly rainfall, because in this 
also O'OO is not an infrequent amount, though the failure of applicabiUty is 
less obvious in this case. In the totals for monthly rain 0-00 rarely, if ever, 
occurs ; and therefore there is more likelihood of the formulae applying ; and 
so as we increase the period the greater is the chance of applicability of the 
formulie, till in the case of yearly rain, it might fairly be expected to apply. 
The present investigation is therefore undertaken to show whether the proba- 
bility rules do apply or not to yearly rain. It would seem that they are very 
fairly applicable. In all cases where they are found not to apply, there must 
be. some law or laws which prevent their application ; and it is the province 
of Meteorology to find oat what such laws are. 



1 This paper having been submitted to Dr. MaoAlister, he writes as follows on this 
point : " I think your remark, * that the theory is only partially applicable ' is probably 
right. Where there is a likelihood of an nndulatory period in the rainfalls, you would 
have to have a total nxunber of obser?ations considerably greater than that of one or 
two periods before yon could expect the theory to accord well with fact." 
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DISCUSSION. 

Mr. Blanford said tliat Mr. Backhouse's paper was of importance, because it 
afforded us occasion to clarify our ideas as to the meaning of different kinds of 
mean values, and therefore of their applicability under different circiunstances. 
The geometric mean to which the author had drawn attention might in many 
cases express more accurately than the ordinary average (or arithmetical mean) 
tlie most probable rainfall of any given future year ; but it could by no means 
be substituted for that average in dealing with most of those problems that take 
the average rainfall as one of their data, such as aU questions of water supply, 
and in relation to agriculture, drainage, &c. The arithmetical mean expresses 
that quantity which, if repeated regularly year after year, would, in the course 
of a great many years, yield the same total as the sum of the actual variable 
rainfiUls of those years. Here the geometric mean would bo out of place. Mr. 
Backhouse stated that it was foimd in the case of British rainfall " that the 
excess in the wettest year is one and a half times the average, and the defect in 
the driest year is not more than 65 per cent, of the average — which is the same as 
the geometric statement that three seconds is equally likely witli two-thirds the 
average." There seems to be a little apparent inconsistency in these alterna- 
tive statements, but the meaning is probably that a rainfall of 65 per cent, of the 
average (not a deficiency of 65 per cent.) is as likely as one of 150 per cent.; or 
in general terms that the rainfall of the driest year bears the same ratio to the 
average as the average does to the rainfall of the wettest year. In this quotation, 
the average referred to would seem to be the arithmetical mean. But the 
author's remark that it illustrates the justness of the theorj' would be valid only 
on the supposition that it is the geometrical mean. It appeared on the evidence 
of several Indian stations with a very variable rainfall that the fall of the driest 
year bore a smaller ratio to the average (arithmetical mean) than that average 
does to the rainfall of the wettest vear. 

Mr. Dines did not think it would be advisable to use the geometrical instead of 
the arithmetical mean for the purpose of obtaining the average rainfall, but he 
thought the paper was a valuable one, and that the thanks of the Society were 
due to Mr. Backhouse for bringing the subject forward. If the methods indicated 
in the paper were more generally used, many errors would be avoided, and many 
curious theories would never be started ; for a theory was sometimes based on 
differences in the values of averages, when a careful study of the theory of pro- 
bability would show beforehand that such differences would be almost certain to 
occur. 
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THE GREAT FROST OF 1890-1891. 



By CHARLES HARDING, F.R.Mot.Soc. 



[Read Febraarj 18th, 1891.] 

This paper has been prepared at the request of the Coancil, and although 
willing to assist in the work of the Society with the hope of extending its 
ephcre of nsefalness, I cannot help feeling that some apology is necessary from 
me as my previous paper ^ was read so recently. 

The most striking feature of the frost through which we have just passed is 
the very prolonged period of cold, and the very low day temperatures which 
were experienced throughout. There are many frosts, even of recent years, 
in which the temperature has fallen much lower — that is, in which the frost 
has been more intense ; and there have also been frosts within the last few 
years which have been more general over the whole country ; but, so far as the 
southern portion of England is concerned, there does not seem during the 
last century to have been any such prolonged period of frost as that of 1800- 
01. 

The period dealt with is that from November 25th, 1890, to January 
22nd, 1891 ; but before treating of that period it will be well to remind the 
Fellows of the very sharp frost which occurred in many parts of the country at 
the end of October ; the shade thermometer at Greenwich registering 24^*7, 
which is lower than any previous record in October during the last half cen- 
tury. This was followed by a spell of wet and mild weather which continued 
until the last week of November, when the whole country was suddenly 
plunged into mid- winter, severe frost and snowstorms being experienced in 
all parts of our islands, whilst very intense cold occurred at some of our 
southern coast stations. In parts of Kent and Surrey the thermometer in the 
screen fell almost to zero (0°), and even at Jersey it registered 16°. At 
Greenwich the shade temperature on the 29th fell to 18^*8, which is the 
lowest reading recorded in November during the last 100 years, whilst in 20 
winters daring the last 40 years the thermometer has not fallen as low. 

The material used by me has been obtained almost entirely from the Sta- 
tions of the Meteorological Office and from those of the Royal Meteorological 
Society, and no temperatures are quoted which are in any way questionable 
or doubtful, and all the values are from thermometers exposed in authorised 
screens. 

Fig. 1' (p. 108) has been drawn entirely from the stations used by the 

1 " The Cold Period at the beginning of March 1890." Quarterly Journal, Vol. XVI. 
p. 152. 

> Figs. 1, 2 and 3 are reproduced from the Journal of the Royal Agricultural Society, 
Harch 8lBt, 1891, by permission of the Council of that Society.—En, 
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Meteorological Office in the compilation of its Weekly Weather Report , some of 
the results being supplied to the Office by the Boyal Meteorological Society, 
and some by the Scottish Meteorological Society. In all, the returns from 77 
stations have been used in the preparation of this diagram. The means have 
been obtained from the means of the maximum and minimum readings, and give 
the mean temperature for the whole period of 59 days, from November 25th, 
1890, to January 22nd, 1891. Isotherms have been drawn for each 2^. It will 
be seen that a very large portion of the South-east of England had amean tem- 
perature for the whole period below 80°, whilst at Cambridge the mean was 
28^*5, and at Hillington in Norfolk it was 28^*6. The whole of the Midlands 
and a very large part of the Southern and South-western Districts of England 
had a mean temperature below the freezing point ; whilst at sea-side stations 
on the Coast of Kent, Sussex^ and Hampshire, the mean was only 82°. 

This chart shows very clearly the great difference of temperature between 
various parts of the United Kingdom for the period of the frost. The 
warmest weather occurred in the extreme north and west of our Islands, and 
the exceptionally high temperature which prevailed over Scotland is quite 
phenomenal. In the extreme North of Scotland as well as in the West of 
Ireland the mean was 10° higher than in the South-east of England. 

To secure accuracy in drawing the isotherms, the means given on the chart 
have been corrected for height above sea-level by allowing 1° decrease for 
every 800 feet, but no correction has been applied to the means given in the 
Tables. 

Fig. 2 shows the deficiency of the means from the average value for the 
period, obtained from 20 years' observations. The greatest difference from 
the average at any of the Meteorological Office stations was 10°*6 at Strath- 
field Turgiss, whilst a large part of the country in the Southern Midlands and 
the South of England had the mean temperature for the whole period of 59 
days as much as 10° or more below the average. In the North of England 
however the deficiency did not amount to 5°, and in the extreme North of 
Scotland it was less than 1°. 

The following Tables contain observations from the Boyal Meteorological 
Society's Stations and from all the Weekly Weather Report Stations of the 
Meteorological Office. They give certain details which will serve to test the 
severity of the frost. The stations are grouped together in districts in accordance 
with the system adopted by the Meteorological Office, which is also followed by 
the Society in the Meteorological Record. The whole period of the frost frouB. 
November 2oth, 1890, to January 22nd, 1891, is dealt with for each station.— 
In the body of the Table N. represents November, D. December, and J ^ 
January. 

The following are a few of the most salient features gathered from the 
companying Tables : — 

Mean Maximum Temperature. 
o Highest. ^ 

46-7 at Valencia, in S.W. of Ireland. 45-1 at Roche's Point. 

45*1 „ SciUy. 48-1 „ Stomoway. 

42*5 „ Sumburgh Head, 42*5 „ Laudale. 
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HABDINa ^THE aBBAT FBOST 07 1890-1891. 

Mean Maximum Tempbbatube — Continued from p. 94. 

o Lowest. o 

38*6 at Greenwich. 88*7 at Hillingion. 

88*8 ,, Rothomsted. 88*8 ,, Oxford, 

at going outside of the Meteorological Office stations 

88-8 at Kenley. 

Mean Minimum Tempebatuee. 

o Ilujhest, o 

88*1 at Scilly 8G*2 at Somborgh Head. 

86*1 ,, Valencia. 

Q Lowest, Q 

22*8 at Cambridge. 22-4 at Strathfield Torgiss . 

But going outside of the Meteorological Office returns 

21*4 at Beddington. 21-8 at Waddon. 

Mr. Sjmons, in his Meteorological Magazine^ gives the mean minima for 
several European Stations from December 18th to January 22nd, and com- 
pleting this for a few stations for the period dealt with in this paper, wo 

get :— o o 

18*6 at Brussels. 21*1 at Paris. 

82*7 at Biarritz. 88*9 at Bomo. 

The mean minimum at Biarritz being 0^*8 colder than at Ardrossan. 

The Absolute Minimum occurred at different periods of the frost; it was only 
27^ at Sumburgh Head, and 25^ at Stomoway, but it is more interesting to 
examine the region of the severe frost. 

In England NE the coldest day was January 18th or 19th, and at Roun- 
ton the temperature fell to 0^*6 (the same temperature was also recorded at 
Stokesay on December 22nd, and is the lowest authentic reading during the 
frost). 

In England N.W. the minimum occurred generally on December 20th, 
22nd, or January 18th, but not in all places. The absolutely lowest reading 
was 5^*0 at Northwich on December 22nd. 

In England E the minimum occurred generally on January 11th at the 
Northern stations, the lowest reading being 4^*1 at Somerleyton ; whilst at the 
Southern stations the lowest reading occurred on December 22nd, and at 
Cambridge and Chelmsford the minimum was 4°. 

In the Midland Counties the minimum temperature for the period was about 
equally divided between December 21st-28rd and January 18th or 19th. 
The absolutely lowest were 0°-6 at Stokesay, in Shropshire, on December 22nd 
and 1^ at Stamford on January 18th. 

In England S. the lowest readings occurred at very different periods of t' 
frost. In parts of Kent and Surrey as well as on the coast of Sussex a 
"^^mnshire the minimum occurred on November 28th or 29th, and at Wad* 

' — in the screen fell to 1°*0, whilst at Beddington it fell to 2 

-- ^«n to 12°; at Worthing and Rousdoi 
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5^; at Margate, Hastings, and Southampton, to 16^; at Eastbourne and 
ortsmouth to 17^. 

At some stations the readings were below 10° in the latter part of Deoem- 
er, and almost equally low readings occurred on January lOth-llth and 
8th-19th, but the November readings in parts of Kent and Surrey were the 
>we8t in the District for the whole period. 

In England SW the minimum occurred on November 27th-29th, Decern- 
er 81st, and January 19th. The South-coast stations had their minimum 
1 November, but in the greater part of the District the minimum occurred on 
anuary 19th. The absolutely lowest readings were 7° at Llandovery, 9°*5 
t South Molton, and 10^*1 at Cullompton, on January 18th or 19th. 

At Scilly and the Channel Islands the minimum occurred on November 
8th-29th and January 17th-18th. The lowest reading was 12^-2 at Jersey 
n January 18th, which is within 0^*2 as low as the lowest reading at Green- 
rich during the frost. 

In Ireland the lowest temperature occurred at very different dates at the 
everal stations, but at many of the coast stations it took place on November 
7th or 28th. The absolutely lowest readings were 14°'8 at Brookeborough, 
nd 15° at Kilkenny. 

The column for the number of days with the minimum 82° or below shows 
lat at Addington Hills, near Croydon, frost occurred each night with but a single 
xception, and at both Cambridge and Reading there were only two excep- 
!ons. At Sumburgh Head frost only occurred on 9 days, whereas at 
»iarritz it occurred on 81 days, and at Rome on 9 days. At Brussels 
lere was frost each day throughout the period. 

At many places in England the frost was continuous night and day for 10 
ays, but at coast stations in the North of Scotland it in no case lasted 
ironghout the 24 hours. 

The lowest day temperature shows that several different days were excep- 
onally cold. The absolutely lowest maximum day temperature was 21° at 
fading on December 14th. 

It is comparatively easy to explain the great difference between the weather 
ver England and that in either Scotland or Ireland. During the whole 
eriod of the frost there was a large area of high barometric pressure situated 
ver Europe, which maintained an almost permanent position. The incoming 
isturbances from the Atlantic could not effect a passage into Europe, but 
eing fended off by the European anticyclone, their centres kept well 
at in the Atlantic. Consequently both Ireland and Scotland felt the warming 
iflaonce of these disturbances, although the weather remained comparatively 
uiet, whilst England, and especially its eastern parts, was not at all affected 
y them. 

The severity of the cold spell at the end of November is distinctly trace- 
ble to a long arm of easterly wind blowing directly over the British Islands 
rom off the cold Continent of Europe. 

The very dry character of the weather over England during the frost is also 
ttributable to the fact that the European anticyclone embraced the southern 
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portion of the Kingdom, and although on two or three occasions there were 
some rather heavy falls of snow, the aggregate fall of snow and rain was but 
very trifling in comparison with the average. 

Table 11. is obtained from the 8 a.m. observations given in the Daii}/ 
Weatlier Report of the Meteorological Office, and contains the means of the 
morning air temperatures for the several parts of the British Islands. The 
coast stations are too strongly represented for the general means to be 
absolutely correct, but the relative difiereuces may be of value. 

Fig. 8 shows the Greenwich shade temperatures for the whole period of 
the frost, also the average daily mean for the period derived from the obser- 
vations of 60 years, 1814 to 1878. The temperatui^s used are for the civil 
day and will be found to differ slightly from those given in Table I. 

This diagram (p. 109) shows that the mean temperature for each day was 
below the average with the single exception of January 18th. The marked 
absence of anything approaching warm days is also clearly shown. 

On examination of the earth temperatures they show that the frost did not 
penetrate to the depth of 2 ft. below the surface of the ground in any part of 
England, but in many parts, especially in the south and east, the ground was 
frozen for several days at 1ft. below the surface, and at 6 ins. it was frozen 
for nearly a month. At Hodsock Priory, Worksop, the temperature at 1 ft. 
did not fall below 82^*8 throughout the period of the frost. The absolutely 
lowest temperature was reached on January 20th. The earth thermometer 
was continuously below 85° from December 21st to January 80th. 

At Lowestoft the temperature at 4 ft. below the surface did not fall below 
87^*9, which was registered quite at the end of the frost, and at 2 ft. deep it 
did not fall below 88°. At the depth of 1 ft. the thermometer stood at 81° 
on January 21st, but this was the only day throughout the period with the 
reading down to the freezing point. 

At Berkhamsted the temperature at 2 ft. below the surfEUse did not fall 
below 88°*4, the absolutely lowest temperature at this depth was on January 
22nd, quite at the end of the frost. The soil at 1 ft. was frozen from Jannary 
11th to 28th, the lowest temperature was 80°*1 on January 19th and 20th. 

Mr. Mawley writes : — *' The soil in the kitchen garden, and also in a border 
in the flower garden is frozen to the depth of 8 ins. As 1 was surprised to find 
the frost had gone no deeper, I had a piece of the lawn exposed near where the 
earth thermometers are situated, and there the depth of frozen soil was 7 ins. 
As the lowest reading here was 80°*1 at 1 ft. and 88°*4 at 2 ft., it seems that 
it takes a lower temperature than 82° to freeze soil, at aU events when 
moderately dry as it has lately been.*' The test was made by Mr. Mawley on 
January 22nd. 

At Harestock, near Winchester, the temperature at 6 ft. below the surface 
did not fall below 48° during the period of the frost, and it was not below 46° 
during December. At 4 ft. the temperature fell to 89° at the end of the frost, 
and at 2 ft. to 88°*8, the lowest reading being registered on January 2l8t. 
At 1 ft. the soil was frozen from January 10th to 22nd, and the lowest tem- 
perature was 81°* 1 on January 19th. At 6 ins. the soil was frozen from 
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TABLE n.— KfaANs OF THE 8 A.M. Tempebatxjbeb published in the Daily Weather 

■PBPOBT, November 25TH, 1890, to January zind, 1891. 



Date. 


Scotland. 


Lreland. 


England. 


British 
lales. 


November 25.... 



38 



42 



36 



38 


» 26.... 


35 


36 


32 


33 


If 27.... 


27 


31 


29 


29 


n 28.... 


30 


31 


29 


30 


» 29 


33 


33 


29 


3' 


^ M 30.... 

December i . . . . 


43 
5* 


46 
52 


31 

40 


37 
45 


ft 2.... 


49 


50 


38 


43 


• ff 3« • • • 


39 


43 


38 


39 


4.... 


39 


38 


41 


40 


5 . . ... 


40 


42 


40 


40 


6.... 


38 


41 


39 


39 


ff 7.... 


34 


39 


35 


36 


ff 0, , . . 


36 


38 


36 


37 


f, 9.... 


39 


36 


34 


36 


ff 10.... 


34 


35 


36 


35 


M II.... 


40 


45 


34 


38 


ff 12.... 


38 


44 


3' 


36 


f> 13... 


33 


41 


30 


34 


ff 14-.. . 


35 


42 


27 


33 


ff 15.... 


41 


44 


31 


36 


16.... 


37 


38 


31 


34 


ff 17 — 




36 


33 


32 


33 


f. 18.... 


35 


41 


31 


35 


ff I9.«*' 


31 


37 


31 


33 


ff 20.... 


35 


35 


29 


32 


ff 21.... 


29 


31 


29 


30 


ff 22.... 


34 


43 


23 


31 


f* 23.... 


42 


44 


32 


37 


>« 24.... 


35 


35 


32 


34 


,* 25.... 


40 


41 


29 


34 


f, 26.... 


37 


35 


35 


35 


27.... 


36 


35 


33 


34 


28.... 


36 


37 


32 


54 


ff 29 


33 


35 


32 


33 


ff 30.... 


37 


36 


»9 


32 


ff 3i**** 


38 


34 


27 


3' 


January i . . . . 


39 


41 


36 


38 


ff 2.... 


38 


39 


32 


35 


3.... 


37 


39 


33 


35 


4.... 


37 


39 


38 


38 


5.... 


33 


34 


3' 


3» 


„ 6.... 


31 


32 


28 


30 


7.... 


29 


29 


25 


27 


ff 0,, , , 


34 


38 


28 


32 


ft 9.... 


33 


37 


32 


34 


ff 10,.,. 


33 


34 


27 


30 


„ II.... 


44 


43 


28 


35 


„ 12.... 


49 


41 


34 


39 


ff 13... 


44 


40 


39 


40 


ff I4'"* 


36 


41 


36 


37 


IS-'-- 


36 


39 


32 


35 


„ 16.... 


36 


44 


35 


38 


17. .. 

A 


33 


39 


27 


31 


ft 18.... 


32 


35 


22 


27 


ff 19.... 


35 


38 


23 


30 


„ 20.... 


43 


46 


38 


41 


., 21 


30 


36 


34 


34 


f, 22.... 


32 


40 


37 


37 


Mean 59 days. 

Days with mean ) 

temp.32° or below / 


37 


39 


32 


35 


9 


5 


35 


16 


Lowest daily ) 
mean j 


27° 


29- 


22« 


27^ 


Nov. 27 


Jan. 7 


Jan. 18 


Jan. 7 (ft 18 
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HABDDia TBK OSEAT FBOST OF 1690-1881 




HARDIHa THE GREAT rBOBT OP 1890-1891. 



BBOWIKQ the MeUI TskFIBiTUItE u 

Population fob each Week in 
JkSV Jmhsuii 1891,1 



rsK AmmiL Dbatb-satb peb 1,000 orTHi totu 
E Tbbee Months Novevbbk. Dbcehbbb 1890, 
PHE Sbgihtiub Qexebai-'b Werklt Bbiobmb. 





N.,„b.,. 


Deo ember. 


Jannary- 


"Keeks ending 










s. 


■s- 


11. 


19. 


6. 


'3 


w. 


»7. 


3- 1 "0. 


'7- 


21 


31- 


Uean leraperatnre 1 










T 


- 


. 






„ 







. 


of all England..! 


4,50 


43-» 


4*7 


ii't 


37.3 


13-0 


19-8 


3o'4 


31-5 


30-1 


3r» 


34-3 


43-4 


Death rate in :8 j 




























(itoat Towna of 


lo-S 














I7'S 


187 


i8-i 


17-) 






Englund AWalea ) 


























Mean temptialure ( 




























at Urcenwicb . . | 


+i-» 


44-5 


;6'o 


14'3 


)S-3 


jo-fi 


ifi-9 


aS'i 


ise 


13-1 


30-9 


35'3 


44-> 


Death la-ea in Lon-i 




























don— alt causes | 


10-5 






iS-o 






»6-o 


163 


197 


I9-1 


19-1 


»S'7 






Years 




























J 


iinder . 


J9: 


39> 


,69 


I9t 


j6i 


35* 


4'4 


389 


4S9 


397 


+17 


401 


370 


s 


I to ; 




157. log 


i6e 


»96 


304 


38^ 


333 


3>3 


J58 


189 


^97 


i6t 




; 10 10 


loi 


109 








109 












7S 


*7 


a 


20 lil 40 




139 


216 




105 




157 


»5' 


136 


198 


29! 


333 


106 




40 to 60 
60 to So 


33' 


196 


183 




3 '7 


3'9 


419 




5.. 48S 


S9S 


45° 


39c 


u 


3.i 


343 


JS" 


300 


371 


391 


i'i 


601 


719 705 


659 


6.5 


471 




Organs f 


465 


73 
465 


459 


81 

37! 


St 


100 
487 


116' 141 
7 Si. 806 


14! 13s 
■917 991 


'53 

lOlg 


;:: 


6,* 




PhlhUil 

Dis, o( rirculH 


'53 


'74 


'.''} z 


1S5 


161 


103' J 87 


... ,.,: ... 


- 


.3« 


_ 




-14'! 139 




.67 


157 


100; .39 


119 "o, "o 194 


M 



These figorea show the vei? marked inorease in the deatb nte with penona f 
ages are above 40 years, also the high rate ol inoreaae in tlie number of de«tlu bom 
dUeuea oE the respiiatorj organs. It is hoireTar seen th«t there ii a ftUiag oS in 
tlte number ol the deaths before the peiiod of the frost hM ended. 



December 161h to January 26th, the lowest reading was fl8°-8 oa Jatmu; 
19th. 

At StoweU, in Somerset, the soil vas frozen at the depth of 1 fL only on 
two days, January 19th and 20th, the lowest temperature being 81°-8. The 
tomperatore wss however 84°, or helov it, irom December 80th to, Januai; 



At Southampton the temperature 4 ft. below the Bni:&ce n 
mum arter the termination of the frost, the lowest reading was 89°-4 from 
January 27th to 80th ; in December it did not M below 42°-8. At 2 ft. it 
felt to 86°'2 on the last day or two of the frost. At 1 A. the lowest tempeia- 
turo was 88°*8 on January 19tb and 21st. At 6 ina. deep the soil was 82° 
or below from January lih to 25th, the lowest reading was 27°-G on January 
10th. 

At Babbacombc, on the South Coast of Devon, the temperature at 1 ft. 
bolow the sarface did not fallbelow84°'6,which was reached on January Slst, 
whilst at 6 ins. the lowest temperature was 88°-l on January 19th. 

At Greenwich the mean temperature of the earth at 8 ft. below the sar&ee 
was S8°-l for tlie month of January, which is 4''-0 below the average for the 
previous 43 years, and lower than in any month doring the same period, with 
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iheetoeption of Febraary 1855, when the mean was Q&^'9. The earth at the 
depth of 1 in. below the surface was only frozen at noon on 15 days through- 
(Hit the whole period of the frost. 

The obserrations published in the Weekly Returns of the Registrar-General 
ihow that the temperature of the Thames water ofif Deptford, at 2 ft. below 
the sorface, was continuously below 84° from December 2drd to January 28rd, 
I peziod of 82 days, while the river was blocked with ice during the greater 
part of the time. 

The records of sea surface temperature received by the Meteorological 
Office from light-ships, &c. round the coasts of the British Islands show that, in 
November the mean sea temperature was in good agreement with the average 
eonditions. In the English Channel the mean waa about 58°, whilst it was 
aboat 48° on the West coast of Ireland and 47° on the East coast of Eng- 
land. In December the sea temperature was colder than the average, but 
the difference was very irregular. In the Hebrides the deficiency on the aver- 
age was about 8°, on the West coast of Ireland about 2° or 8°, whilst in the 
South of Ireland the water was but very slightly colder than usual. In the 
Engliah Channel the deficiency ranged from about 5° on the coast of Devon to 
only 1° in the Eastern half of the Channel. On the East coast of England the 
aeawas colder by 2° or 8°, but that on the East coast of Scotland was slightly 
wanner than usual. A comparison of the air and sea temperature on the 
coasts of the British Isles shows that on the coast of Sussex the sea was 14° 
wanner than the air, on the coast of Norfolk 12° warmer, on the coast of 
Yorkshire and the North-east of England 6° warmer, off the Northeast of 
Scothmd 8° warmer, in the Shetlands 8° warmer, in the Hebrides the tem- 
P^tare of the air and sea were the same, on the West coast of Ireland the 
>^ was from 8° to 5° warmer than the air, in Cardigan Bay it was 18° 
wanner, and at Bcilly 9° warmer. 

Areeord of the sea temperature at Eastbourne is given by Mr. Sheward, 

^ observation being made at the Pier Head each day at 8.80 a.m. This 

^peratureis, however, very different from that given on board the Boyal 

^OHrrign light Ship, but the conditions are not at all similar. At East- 

I^OQine the sea is shallow, and the beach would naturally be cold under the in- 

floenee of the low air temperature. The Royal Sovereign is in comparatively 

^ water, and at about six miles distant from the shore. At Eastbourne 

the iQean sea temperature in December was 87^*8 ; there was no day with tho 

^peratore above 42°, and on 7 days it was 85° or below ; whilst at tho 

**^(d Sovereign the mean for December was 46°' 8, and the temperature was 

^i once below 42°. At Eastbourne the mean sea temperature in January was 

^^'£», at no time did the thermometer indicate a higher reading than 88°, 

^d Qgo ^^ j^^^ exceeded until the 28th ; whilst on the 9th the temperature 

^^ 81°, which is the lowest reading observed during 7 years by Mr. 

*'«0Ward. On the morning of the 11th tho sea temperature at the Pier Head 

Was 32P, and the incoming edge of the sea is reported to have been fringed 

^^^ ice. At the Royal Sovereign, in January, the mean temperature of the 

^Wt at the depth of 1 foot was 40°, and there were only 8 days during thQ 

^»%W SVBXES. — ^VOL. XVU, B 



112 HiRDINO THE GREAT FBOST OF 1890-1891. 

month with the reading below 86^, although at sonriso on Janaaxy 18th and 
19th the thermometer registered 81^. 

The Pilot Chart of the North Atlantic Ocean for Febmaxy, published bj 
the United States* Hydrographic Office, gives some interesting accoonts of 
obstruction caused to navigation owing to rivers and ports being blockaded by 
ice. The following is a brief abstract of the reports : — 

Hamburg, January Sth. — Since Christmas the Island of Heligoland has been 
out off from all communication with the mainland, and great masses of ice are 
floating in the North Sea, off the mouth of the Elbe. 

Stettin, January 9th, — There is 15-inch ice in the Haff ; in places it ia piled 
up several feet high, and firmly frozen together. 

Kiel, January 19ih, — The Baltic, as far as it can be seen, is covered with ice. 

Toulon, January 19th. — The harbour isfrx)Z6n over for the first time on 
record. 

Bordeaux, January 19lh, — A large number of vessels are ice-bound, and many 
vessels have gone down the river to avoid being frozen in. 

London, January 19 th. — The ice floating on the Thames between the Bridge 
and Tower is so packed that all movements of vessels have entirelv ceased. 

Lisbon, January 20f A. — The River Tagus is frozen over. The Ebro is covered 
with 19 ins. of ice, the first since 1829. 

The following statement with regard to the thickness of the ice and days of 
skating was kindly furnished by Colonel Wheatley, B JS., of the Office of 
Works : — 

In Begent*s Park skating connncuced on December 18th, 1890, and continued 
till January 24th, 1891, lasting 43 days. 844,000 persons (approximately) fre- 
quented the ice during this period. On November 28th the ice was f of an inch 
thick, and attained If in. at the end of the month, the greatest thic^ess of the 
ice was 9^ ins. on January 20th. On January 26th the thickness varied firom 6 
to 7^ ins., and the ice was flooded with water from thaw, which was very rapid, 
as on the 81st all ice had disappeared even from the creeks. 

In St. James's Park skating commenced December 15th, 1890, and continued 
without interruption till January 24th, 1891, a period of 41 days. The ice was 
1 inch thick at the end of November, and attained the thickness of 8f ins. on 
January 20th. 

In Hyde Park skating commenced on December 25th, when the thickness of 
the ice varied from 2J to 8} ins., and continued till January 24th ; the greatest 
thickness of the ice was 8 ins. on January 22nd and 28rd. 

In Eegent^s Park the previous records show that in 1881 skating commenced on 
January 13th and continued till the 27th, a period of 15 days. 

In St. James's Park in the Seasons of 1879-80, skating was allowed December 
8rd to 12th, 17th to 19th, 24th to 27th, January 26th to February 2nd, 4th, and 
5th. In the Season 188()-1 skating was allowed January 15th to 27^ There 
was no ico in Season 1881-2, 1882-3, 1883-4, and 1884-5. In the Season 1885-6 
there was no skating, but the ico was measured on most days from December 
11th to March 17th, the greatest thickness of the ice was 8 ins. In the 
Season 1886-7 there was skating on December 22nd and 28rd, and January 1st 
to 11th. In the Season 1887-8 ice was measured frequently after December 
27th, whilst skating was allowed from February 29th to March 6th. In the 
Season 1888-9 ice was measured in January, February, and March, the greatest 
tliickness was 2^ ins. on February Idth, but no skating was allowed. In the 
Season 1889-90 ice was measured in December, January, and March, but no 
skating was allowed. 

In Hyde Park in the Season of 1879*80 skating was allowed on December Sth 
to 13th, 17th to 19th, 24tli to 28th, January 27th to February 2nd, and 6th, the 
greatest tliickness of the ice was 5| ins, on December 27th. Li the Season 
1880-1 skating was allowed January 18th to 27th, and the ice attained the thick- 
ness of 6 ins. There was no ice in Seasons 1881-2, 1882-8, 1888-4, and 18S4-5. 
Jn the Season 1885-6 ice was measured frequently from December 11th to March 
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18th; itattained the thickness fromSttoSiiiB, on March lDth,bntskatmewuiiot 

lUlowod, the " Public being warned off the ice by notice " during the whole period 
of frost. In the Season 1886-7 skating was allowed on Jaaaai; 2nd and 8rd, 
the Kreatest thickness of the ico was 5 ins. In the Season 1B87-8 there wa« no 
sk.iting, but ice was frequently measured from December 28th to March 6th, the 
greatest thickness of the ii^o was, howover, 2^ ins. In the Season 1888-9 ice waa 
mcasnred occasionally from January 7th to March 7th, but the thiokneae never 
exceeded \ in., and it ia needless to say no skating waa permitted. In the season 
1H89-90 ico was measured frequently from Docember2nd to March 6tb, bnt there 
was no skating, and the greatest thickness of ice was Y\ in. 

The return showing the state of the ice, &c. at Regent's Pork contains the foUow- 
ins, remark, the report being dated February 6th, 1891 : — " It is too early to 
observe the full offecia of tlie late frost on trees and shrubs ; injury has been done, 
hollies and ivies are in many cases losing their leaves, privets and nunv other 
hardy shrubs are as if scorched by fire, hoar frosts have been dense, and must 
have affected the limbs of trees that are weakened by canker or other diseaw. 
Owiuf; to the plentiful covering of anow during the sharpest weather, herbMeotU 
vegetation has not suffered to any great extent, 

" In contrast to the present winter, I may mention that last year die winter 
aconite was coming into flower on January 12tb; by the 17th Uie primroaee were 
blooming, and auriculas pushin)^ up their trusses. At this season I do not observe 
a !^ign of movement from the winter aconite, and other plants, as the snowdrop 
and crocus, arc still below the turf." 

I have to thnnk tho Meteorological Cotincil for bo kindly allowing tne free 
QBu of information in tho Meteorological Office, also the Coonoil of the Boyal 
Meteorological Society for tho nee of ita valnablo retoms and the material 
assistanco afforded in tho compilation of the paper. I would also thank Ur. 
Symona for the largo amount of matorial with which he has supplied me, and 
ottiors who have so cordially assisted by the prompt supply of observationB. 

1 The frost of 1788-9 has been inoloded, ai it ocenrred bnt little more than 100 years 
nKo. the teiDperaturea however are not from BeU-registering thoRiiometas, bnt the 
obcirrvaiioDn naed aa tlio niaximum were made at 1 p.m., and those for the minimum 
at S a.m. each day. Tlie obeervatioDS lor all the other periods are from eell-regiiterinE 
Ibtrmoroeters. 

It may bu intcioBting to mention that nearly all the prolonged trotte of the tait 
ceotory were^tolloned by a [airt^ dry spring and lunmer, bnt the aeoompanyiBg 



ireather waa by H' 



iB always hot. 
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DISCUSSION. 

Dr. WiLLiAics said that this paper contained aU the important facts relating to 
the great firost which had been recently experienced, and afforded abimdant 
material for the formation of theories as to the cause of the prolonged cold 
weather. He had hoped that Mr. Harding would have explained more fully the 
cause of the comparatively warm weather which prevailed on the east coast of 
Scotland during this period. Travellers from the North of Scotland stated that 
no severe weather was experienced until they reached York, and the London 
district seems to have been visited with special severity. The effect of the pro- 
longed cold on health was very unfavourable, especially in the case of the middle 
aged and elderly people, capillary bronchitis and pneumonia being induced, 
which often proved fotal in a few days. 

Dr. BncHAN said the high temperatures experienced at the sea-coast stations in 
Scotland were due to the fact that these places were situated on the western side 
of the extraordinary anticyclone which prevailed over the continent of Europe. 
In the Orknev and Shetland Islands the temperature during December was from 
O^'b to (f'Q above the average, the wind in the Orkney Islands was from the 
South-east, and in the Shetland Islands the direction was South-south-west. In 
the north of Norway (which was situated on the northern side of the ahticy clonic 
area) the temperature was from 5° to 7° above the average. To the southward 
the conditions which gave rise to low temperature prevailed, and they extended 
as far as Algeria. The intensity of the cold largely depended upon whether the 
polar winds, which were experienced, passed over a large extent of land or sea. 
The fact that no very intense cold was experienced over England during the 
period of the frx)st was due to the absence of bright simshine, and, in consequence, 
to there being very little radiation. In Edinburgh only foiu: or five hours of 
sunshine were recorded during December, and in London the amoimt was con - 
siderably less if any had been noted. The whole question of winter weather 
in the British Islands depended upon whether the cyclones occurring in Western 
Burope passed to the north or south of the British Islands. If we could forecast 
the course of winter cyclones, we could then forecast the character of our winter 
weather. 

Mr. Scott remarked that no simshine was registered by the recorder on the 
roof of the Meteorological OflSice during the month of December, and that only 
Ave minutes* sunshine was registered at Bunhill Bow. 

Mr. Stmons called attention to the close resemblance which there was between 
Mr. Harding's chart of mean temperature over Ireland and that given by Prof. 
Hennessy in his paper on temperature.' He thought that a summary of Dr. 
Hellmann's recent paper on the depth of snow over Germany during the winter 
might be included m Mr. Harding's account of the frost. He also referred to 
the practical value of earth temperature observations in determining to what 
deptn frost would penetrate the earth, more especially in connection with the 

gnestion of what depth below the surface water mains and service pipes should 
e laid in order to be secure from the effects of frost. He also gave an account 
of the mischief wrought in the Camden Bead through the Tramway Company 
using salt for thawing the snow on the tramway lines, and not removing the 
resultant slush, which, of course, was some 80° colder than the snow before the 
addition of the salt. He considered that one of the most remarkable temperatures 
recorded in the frost was the reading of 12°-2 at Jersey. 

Dr. Mabcet stated that during the late frost the harbour at Geneva had been 
completely frozen over, and used as a promenade by the inhabitants of the city. 
He read the following extract from the Journal de Getievej of January 18th last, 
giving an interesting account of the past cold winters : — 

" In 762 the cold was so great that the lake was completely frozen ; this cold 
weather was followed by so great a heat that the plague broke out and several 
thousand people died. 

'* In 805 the cold was so intense that carriages crossed the lake on the ice from 
Thonon to Nyon. 

** In 1196 the weather was so cold that all the trees and vines were killed ; a hot 
season followed, and the heat was fatal to many people. 

I Proe. £. Jrith AcMdtmy, Vol. YI. 
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" In 1878 the cold was so great that all the trees and vines were dried np 
(E^chds) ; a flBkmine which lasted two years followed this cold period. 

" In 1573 there was so cold a winter that several people were found dead in 
their own houses, the intensity of the cold put an end to the plague which pre- 
vailed at the time. In the month of March the River Arve rose so high firom the 
molting of the snow that it arrested the current of the lUione, so that the ' Hues- 
Basses and Plainpalais* (in the town) were under water. 

"According to M. Forel, the distinguished Swiss Physidst, the Lake of 
Geneva was frozen in the years 1570, 1681, 1685, 1709, 1786 and 1788. Within 
the present centiury the harhour was frozen in 1810, 1820, 1880, 1854, 1880, and 
1891." 

Dr. Tripe inquired how it was that at the present time, with an anticyclone as 
high as that which prevailed during the recent frost, dry and mild weather 
was being experienced. He thought that the falling-off m the death-rate of 
middle-aged and elderly people before the cold weather ended was due to the fad 
that the severe weather had already lasted a sufficiently long time to kill all such 
persons as were specially susceptible to cold. 

Mr. Habries, referring to the suggestion of a probable connection between the 
long frost and the conditions which brought such an abnormal quantity of ice into 
the Atlantic last vear, said that an examination of the European Daily Weather 
Reports showed the cold weather to have set in on the evening of November 16th 
over North-Eastem Russia. The morning temperature at Archangel was 86°, 
barometer 29*9 ins. By the evening the baroineter had risen, from the eastward, 
to 80'3 ins., and next morning the temperature was — IV. Henceforward the 
weather under the influence of the Siberian anticyclone was very cold, but over 
Western Europe an anticyclone which had come from the Atlantic was acoom- 

Eanied by warm weather. From November 19th low pressure systems travelled 
etween these anticyclones in a south-easterly direction from Iceland to 
Hungary, and on the 24th the high pressure and low temperature in the north 
of Europe were spreading in a south-westerly direction over Scandinavia. The 
East winds of this system covered the British Isles on the 25th, and next day 
nearly the whole of Europe was ejected. The origin of our severe weather, 
therefore, was to be sought for in the far East — over Siberia — and not in the 
West. (The Atlantic ice had been set free in Northern Greenland as long ago 
as the simuuer of 1889). During the two months under discussion we were 
visited by several cyclonic and anticyclonic areas, but the former were not all 
mild, neither were the latter all cold. It follows from this that we must study 
• our weather systems, not so much according to the high or low barometer, as 
to the special characteristics of individual areas, these depending upon the 
source or sources from which each derives its supply of air, the East wind of 
one anticyclone bringing with it a sharp frost, and that of another anticyclone 
a decided thaw. 

Mr. SouTHALL said that as Mr. Harding had referred to the thickness of ice, 
it might be of interest to state that in 1739-40 the ice in St. Jameses Park at- 
tained the thickness of 10^ inches. On the River Wye, in January 1795, the 
ice was a little over 1 foot thick, and during the recent frost it varied from 10 to 
16 inches. In the neighbourhood of Ross the effect of the late frost on vegeta- 
tion was not nearly so injurious as in 1838, 1861, or even 1881. 

Mr. RosTRON said that in the neighbourhood of Beddington more incon- 
venience was experienced from the freezing of water pipes after the thaw had 
commenced than before. On the second morning of the thaw he found the rain 
in the receiver of his rain gauge frozen into a sohd piece of ice, a circumstance 
which had not taken place during the whole of his previous observations of 
10 years. The injury to plants in his neighbourhood was most dreadfiil ; even 
the hardiest evergreens had suffered severely, and he believed that it would be 
found when spring time came that the damage was even greater than at present 
it appeared to be. One feature of the frost was the great contrast between the 
temperature of the north of England and of Scotland and that of the south of 
England. Ho was at first led to suppose that this feature in long and severe 
frosts was unicino ; but from some records given by Dr. Derham in the Oentle- 
man's Ma(/azhie, Vol. 84, Part 1, p. 142, he had found that in 1708-9 there was a 
similar contrast. Another prominent fact in connection with the recent frost 
was that the minimum on particular days occurred early in the evening. The 
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very low reading of 2°'6 registered at Beddington on November 28th occurred 
at about 5 p.m. He was disposed to accept the Somerset House values quoted 
by Mr. Hurding with some reserve. He had compared them with some ap- 
parently reliable observations made at 8 a.m., noon, and 11 p.m. by Gary, an 
optician, in the Strand, and published in the Gentleman^s Magazine, and was 
inclined to think that the Somerset House temperatures were too low. 

Dr. BncHAN pointed out that in studying anticyclonic systems it was not suffi- 
cient to consider evaisMe winds only, as upper currents played a very important 
part in their production. The anticyclone which at present was over the British 
Isles had come from the Atlantic. 

Mr. C. ELlrdino, in reply, said that there was little doubt that we must have a 
much better knowledge of the movements of cyclones and anticyclones before 
•we could hope to make any great advance in meteorology. During the anti- 
cyclone which prevailed in January last the barometer in Ireland attained prob- 
ably the highest reading on record. This high pressure area came from Europe, 
and from a study of ships' logs he had foimd that when in about 30° west Longi- 
tude the barometer registered a pressure exceeding 31 ins. The temperatures 
recorded during an anticyclone depended upon where the supply of air was 
drawn from; and in the case of November 28th and 29th the lair was drawn 
from Northern Europe. In the case of the present anticyclone the conditions 
-were different, the high pressure area being situated immediately over England, 
and its area being considerably less than in the case of the January anticyclone. 
He believed the Somerset House values were quite reliable, as there was good 
evidence that the observations were carefully made. 



PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

January 2l8t, 1891. 

Ordinary Meeting. 

W. H. Dines, B.A., Vice-President, in the Chair. 

John Herbebt Wilson, 6 West Park, Harrogate, was balloted for and duly 
elected a F^low of the Society. 

The following Papers were read : — 

"Note on a Peculiar Development of Cirrus Cloud observed in 
Southern Switzerland." By Robert H. Scott, M.A., F.R.S. (p. 78.) 

" Some Remarks on Dew.*' By Col. W. F. Badgley, F.R.Met.Soc. (p. 80). 



January 2l8t, 1891. 

Annual General Meeting. 

W. H. Dines, B.A., Vice-President, in the Chair. 

Mr. F. B. Edmonds and Mr. R. W. Munro were appointed Scrutineers of the 
Ballot for Officers and Council. 

Dr. Tripe read the Report of the Council and the Balance Sheet for the past 
jrear. (p. 47.) 
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It was proposed by the Chairman, seconded by Dr. Tbipb, and resolyed : — 
*^ That the Report of the Council be received and adopted, and printed in the 
Quarterly Journal" 

It was proposed by Dr. Makcet, seconded by the Hon. F. A. R. Russell, and 
resolved : — "That the tlianksof the Royal Meteorological Society be communi- 
cated to the President and Council of the Institution of Civil Engineers for having 
granted the Society free permission to hold its Meetings in the rooms of the 
Institution." 

It was proposed by Mr. Cuatterton, seconded by Mr. C. Harding, and 
resolved : — ** That the thanks of the Society be given to the President for his 
services during the past year." 

It was proposed by Mr. M.Jackson, seconded by Mr. Miller, and resolved :— 
^^ That the thanks of the Society be given to the Officers and other Members of 
the Council for their services during the past year.*' 

It was proposed by Mr. Harries, seconded by Mr. T.W. Baker, and resolved:— 
*' That the thanks of the Society be given to the Standing Committees, and to the 
Auditoi*s ; and that the Committees be requested to contmue their duties till the 
next Council Meeting.'* 

The Scrutineers declared tlie followiug gentlemen to be the Officers and 

Council for the ensuing year, viz.: — 

President. 
Baldwin Latham, M.Inst.C.E., F.G.S. 

Vice-Presidents. 

Arthur Brewin. 

Capt. John Pearse Maclear, R.N., F.R.G.S. 

William Marcet, M.D., P.R.S., F.C.S. 

CiiAULEs Theodore Williams, M.A., M.D., F.R.C.P. 

Treasurer. 

Uenry Periqal, F.R.A.S., F.R.M.S. 

Trustees. 

Hon. Francis Albert Rollo Russell, M.A. 
Stephen William Silver, F.R.G.S. 

Secretaries. 

George James Sy.mons, F.R.S. 

John William Tripe, M.I)., M.R.C.P.Ed. 

Foreign Secretary. 
Robert Henry Scott, M.A.,F.R.S., F.G.S 

Council. 

Francis Campbell Bayard, LL.M. 
Henry Francis Blanford, F.R.S., F.G.S. 
George Chatterton, M.A., M.Inst.C.E. 
Arthur William Clayden, M.A., F.G.S. 
William Henry Dines, B.A. 
William Ellis, F.R.A.S. 
Charles Harding. 
Richard Inwards, F.R.A.S. 
Henry John Marten, M.Inst.C.E. 



PBOOBSDINOS AT MUTXliaB. 119 

Edwabd Mawlet, F.R.H.B. 

Hbnrt Southall. 

WiLLiAH Blomefield Tripp, M.InBtC.E. 



Februaby 18th, 1891. 

Ordinary Meeting. 

C. T. Williams, M.A., M.D., Vice-President, in the Chair. 

Charles Lewis Brook, B.A., Harewood Lodge, Meltham, Huddersfield ; 
Charles Eugene De Range, F.G.S., F.R.G.S., Alderley Edge, Manchester ; 
Joseph Eden, Assoc.M.Inst.C.E., Glenae House, Workington ; 
James Charles Mundell, Moor Park, Rickmansworth ; and 
James Sidebottom. J.P., Millbrook, Hollingworth, near Manchester ; 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read : — 

"The Great Frost op 1890-1891.'* By Charles Hardino, F.R.Met.Soc. 
(p. 93.) 

**The Problem op Probable Error as applied to Meteoroloqt/* By 
Thomas William Backhouse, (p. 87.) 



CORRESPONDENCE AND NOTES. 

Meteorological Notes taken on the South-east Coast op Madaqascar, 
August 1889 to July 1890. By the Rev. George A. Shaw. 

Farafangana, or Ambdhy, one of the few ports on the east coast south of M&nan- 
Ura, is situated in S. Lat 22^49 and E. Long. 47° 58'. It is enclosed on two sides 
by rivers of considerable volume which join to form a large lagoon between the 
town and the sea, and separated from the sea by a small bank of sand, which is 
constantly shifting, according to the relative strength of the two rivers and the 
force of the waves that break outside. Hence the opening to the sea is at one 
time in one place, at another time this is filled with sand, and the rivers break 
through at a spot which may be half a mile distant from the previous opening. 
At times each river forces a passage for itself in a line with the lower part of its 
course, leaving the bank of sand between as the eastern boundary of the lagoon. 
These openings, however, are always shallow, impeded with rocks and sand bars 
upon which the sea breiJcs with considerable violence. Close in-shore the 
southern half of the equatorial Indian Ocean current runs towards the south, at 
times with great rapidity. This extends to about 60 miles to the east, and 
naturally has its influence both on the climate and the wind, the latter blowing 
for days from the North or North-east, while at over 60 miles from shore only 
Southerly winds have been met. 

On the west of the town are one or two swamps of sufficient extent to afifect 
somewhat the climate of the place, and this factor, taken in conjunction with the 
large extent of forest immediately adjoining and extending towards the west, 
materially absorb, by the rapid evaporation during the night, the heat accumu- 
lated during the day. More especially so, as a land breeze blows with few ex- 
ceptions every night throughout the year, springing up soon after sunset and con- 
tinuing until 9 or 10 o'clock a.m. The exceptions depend entirely upon the 
strength of the wind during the day, especially if it is a Southerly wind, which 
often continues to blow throughout the niglit from the same point. 

The observations from August 1889 to July 1890 have been taken in accord- 
ance with the instructions issued by the Royal Meteorological Society, with the 
exception of the barometer, an aneroid having been used instead of the usual 
standard barometer. The dry bulb, the wet bulb, and the maximum and mini- 
mum thermometers ar^ iu a Stevensoa screen which is 4 ft. above the: ground 
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covered with grus ; the bl&ck bulb thennometer in taeuo hu the sune elevation ; 
the minimum thermometer for terreatrial radifttioa is pltced over short grais with 
tlie bulb joBt toachinK the tips of the blades. 

Another vftriation from the Ro^al Meteorological Society's instructions is in 
the time of the second observation, which hu been taken at 3 p.m. instead of 
9 p.m., because both at 9 a.m. and 9 p.m. the land breeze is often blowing, and 
unless a tliird observation is added or the later time altered, the main character- 
istics of the day are missed. 

The barometer has ranged from 29'94 ins. on March 3rd to 30*67 ina, on Angnst 
2lBt, 1889. The barometer stood highest during the previous August of any 
month in that year. 

The greatest heat in the shade in a clear current of wind was 94° on January 
7th. Three times in the same month 93° was registered, and ten timea during 
the year the mercury stood at 92°. The greatest neat of the direct rays of the 
sun, as tested by the blaclc bulb thermometer in vacuo, was registered on January 
7th, when the mercury stood at 164°. 

The lowest minimum of the air 4 ft, from the ground was noted on Novem- 
ber 7th, when after a drizzling afternoon the thermometer during the night fell 
to 50°. 

The lowest record of intensity of terrestriiJ mdiation wu on July 30th, when 
40° was regiitered. 

Rain fell on 181 days during the year -, the greatest amount in any single day 
of 24 hours fell on January 30th, when 6-73 ins. was measured. 

The total rainfall for each month has been as under :- 
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making a total of 145-34 ins. for the year. 

The wind, at time of otwervation, 
blowing : — 

Between North and East including North 
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„ South „ West „ South „ 40 „ 
West „ North „ West „ 62 „ 
The great majority of the Westerly winds were registered at the 9 
vation and represented the land breeio. 
Tlio following are the averages for each month : — 
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HA.LOS AMD fABHELiA AT Carowa, Nbw South Walbs, October 10th, 

1890. By H. C. Russell, B.A., F.R.S., Govannnent ABtrooomer, 
On the Rflemoon of October 10th, 1890, Mr. Jaiuea Crawfnrd LoBlie, Editor of 
the Caroma Free PreM, and hie three sons observed parhelia about the bud. The 
weather threatened rain, aad a change was coming on. An immense halo ap- 
peared roDDd the Bun, a portion of it being below the horizon, ati Bhown in the 
■ketch ; on cither side of this at tlie same altitude as the ann was a mock son. 
Soon after this a brilliant and well-defined but inverted rainbow became apparent 
in the zenith, and closer obBerration revealed a ring of light joining the halo aod 
the rainbow. Where thie ring of light crossed the halo wag a third mock sun. 
The ann's rays appeared to project through the two horieontal mock sons. The 
whole display lasted abont 30 minutes, and wag witnesRed by a nnmber of peTSona 
In addition to those named. 

At my request Mr. Leslie made full inquiry to ascertun if any one had seen 
rings of light cutting the halo at the points where the mock suns were, 
hut no one saw them. Sir. Leglio's sons had observed carefully, and" two pre- 
pared drawings from which the engraving wns made. The halo aod parhelia 
were also observed at Albiiry, about .30 miles east of Carowa. Carowa ia on the 
north side of the Murray River, about 30 miles west of Albury. 
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The Sea-Bbeeze. 



The New England Meteorological Society in 1887 undertook an investigation of 
the Sea- Breeze, and have now published a Report* on the same which has been 
prepared by Prof. W. M. Davis, Sergeant L. Qt, Schultz, and Mr. R. De C.Ward. 
The Report concludes as follows : — 

*'' The sea-breeze must be reckoned as one of the minor climatic features of New 
England. In the summer of 1887 it took possession of a narrow strip of the 
Eastern Coast of Massachusetts on 30 days, and judging by the weather of that 
season, this number may fall somewhat below the normal for the same period in 
other years. The occurrence of the breeze depends on the getieral weather of the 
region ; it appears moRt distinctly on warm, clear, quiet days, and is absent on 
cool, cloudy, and rainy days, and on days with strong winds of any direction. It 
comes in to the shore from the sea, working its wav against a belt of calm air, as 
is the case with the tropical sea breeze ; and it exnibits the veerine with the sun 
as the day passes that is noticed in winds of its kind elsewhere. It reaches the 
shore commonly between eight and eleven o^clock in the forenoon with a velocity 
of 10 or 15 miles an hour, its velocity rapidly diminishes inland. Its inland 
advance from the shore-line is made at first at a rate of from three to eight miles 
an hour, but slower afterwards when approaching its greatest penetration of 10 
or 20 nules in the late afternoon. It produces a distinct and agreeable depres- 
sion of temperature on the coast, but this effect is not carried inland as far as its 
wind extends ; neither is the effect as great as that produced by the " sea-turn,*' 
or Easterly cyclonic wind of our coast. The district of most persistent occur- 
rence and greatest penetration of our sea-breeze is from Boston to Cape Ann, 
along what is known as the *' North Shore," where the north-east trena of the 
coast-line favours its development in combination with the prevalent South- 
westerly wind of summer time ; South of Boston and North of Cape Ann, the 
South-westerly wind often reverses it or drives it away in the afternoon. 

" The origin of the breeze is to be looked for in the diurnal excess of the tern- 

Ecrature of the air over the land above that over the sea, in the manner best stated 
y Captain Seemann. The breeze is part of a littoral convectional circulation, but 
in the morning, while the temperature over the land is rising rapidly and the con- 
vectional circulation is in process of establishment, the outward expansion of the 
land-air holds the in-coming breeze off-shore for a time, thus causing its first 
appearance to be not close on the coast-line, but in the offing like ' a fine, small, 
black curve upon the water, when all the sea between it and the shore not yet 
reached by it is smooth and even as glass in comparison,' as Dampier long ago 
observed." 



RECENT PUBLICATIONS. 

Abhamdlunoen des Eoniglioh Preussischen Mstbobolooisgbbn Insti- 
tutes. HeransgcgebcD durch W. von Bbzold, Direktor. Band I., 
Nos. 1-8. 1890. 4to, 

This contains three papers, viz. : — 1. Die Veranderlichkeit der Lnfttcmpcn- 
tur in Norddeutschlana : von Dr. V. Kremser (32 pp.). This deals with variable 
periods of years, so that the results for different stations are not rigidly com- 
parable with each x)ther. — 2. Bericht fiber vergleichende Beobachtungen an 
verschicdenen Thermometer- Aufstellungen zu Gr. Lichterfelde bei Berlin : von 
Dr. A. Sprung (27 pp.). This gives an account of the comparison of a great 
number of different thermometer exposures, which were read six times a day. 
The principal results are that all the window exposures were in excess, but m 
screens like Wild's or with thermometers quite open, if perfectly sheltered from 
the sun, they give very accordant results. Of the free standing screens Steven- 
son's, at least that of the Koyal Meteorological Society, comes out decidedly the 

1 Jnnah of th§ AttronowUcml O^ervatory at Barxard Collect, Vol. XXI. Part II. 1890. 
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best Dr. Sprung, however, points out that the perfectly open exposure of a 
thermometer screen is even harder to obtain than that of a rain-gauge, and he 
also points out that if the thermometers are far from a house readings may be 
carelessly taken. As a final conclusion the Prussian Institute recommends that 
window screens should be used in general, and that if no suitable window is 
available the Stevenson screen should be employed. — 3. Berichtiibervergleichende 
Beobachtungen an Regenmessem verschiedener Konstruktion : von Dr. G. 
Hellmann (13 pp.). The rain gauges tested were all German, as one most im- 
portant particular to be ascertained was the fitness of the gauges for catching 
snow. As regards the measurement two collecting funnels and cylinders are 
supplied with each gauge, and if snow has fallen the empty cylinder is to be 
placed on the ^auge and the full one taken into the house to thaw. The gauge 
recommended is Hellmann's, a 6-inch cylinder, with brass conical rim sharply 
cut at top. The rims are all stamped on testing, and any showing an error of 
±(yB mm. are rejected. 

Ambbioan Meteobolooioal. Joubnal. a Monthly Review of Meteorology 
and Medical Climatology. January-March 1891. Vol. YII. Nos. 9-11. 
8vo. 

The principal original articles are : — ^The New England Meteorological Society 
(10 pp.). This is an account of the proceedings at the Meeting of this Society on 
October 21st, 1890, when the special topic of Tornadoes was discussed. — The 
Meteorological Observatory recently established on Mont Blanc : by A. L. Rotch 
(4 pp.). A cabin has been built on Mont Blanc at an altitude of about 14,320 ft. 
above sea-level, at which a set of recording instruments, by MM. Richard Fr^rcs, 
has been installed, thus rendering this the highest meteorological station in the 
world. — The Gervais Lake Tornado : Is a modem fire-proof building tornado- 
proof ? by P. F. Lyons (6 pp.). — Photograph of the Lake Gervais Tornado 
Funnel : Dy the Editors (7 pp.). A reproduction of this photograph is given, the 
Editors having assured themselves both of its authenticity and also^that the plate 
had not been " touched-up." — Observations and Studies on Mount Washington : 
by Prof. H. A. Hazen (12 pp.). — ^Accessory Phenomena of Cyclones : by n. 
Faye (7 pp.).— The State Weather Service : by Prof. F. E. Nipher (6 pp.). This 
was an aadress delivered by request of the State Board of Agriculture at Jeffer- 
son Citv, Ma., January 15th, 1891. — Wind Pressures and the measurement of 
Wind Velocities : by Prof. C. F. Marvin (10 pp.). — Meteorological Observations 
taken in four Balloon Voyages : by W. H. Mammon (31 pp.). These ascents 
were made under the direction of the Signal Office in Januarv, March, and April 
1885. The observations are given in extenso, — Prof. Russelrs Theory of (fold 
Waves : by S. M. Ballon (14 pp.). — ^Temperature in High and Low Areas (8 pp.). 
— State Tornado Charts : by Lieut. J. P. Finley (6 pp.). The State here aealt 
with is New York. 

Das EOniglish Pbeussisohe Mbtbobolooisohe Institut in Berlin und 
DESBEN Obsebvatobium bei Potsdah. Aus amUichom Anlass heraosge- 
geben von W. von Bezold, Director. 1890. 4to. 76 pp. and 4 plates. 

This is an account of the organisation of the Prussian Meteorological Office ; 
it is uniform in size with a similar account of the AstronomophysicaT Institution. 
The pamphlet gives a history of the gradual development of meteorological 
organisations in Germany, from the date of the Societas Meteorologica Palatina 
in 1780. 

Joubnal of the Scottish Meteobolooioal Bocistt. Vol. IX. Third 
Series. No. VII. 8vo. 1891. 

This part contains a number of papers discussing various observations made at 
the Ben Nevis Observatory, among which are the following : (1.) Meteorology of 
Ben Nevis ; by Dr. Buchan (11 pp.). — {2,) Daily mean temperatures at JJcn 
Nevis Observatory and Fort William : by R. T. Omond (5 pp.). — (3.) Reduction 
of estimated wind forces to velocity in miles per hour at Ben Nevis Observatory ; 
by R. T. Omond (1 p.)« — wi^ (4.) Thunderstorms at Ben Nevis Observatorv : by 
R. C. Mossman (6 pp.). The other papers are : Influenza and Weather of Lon- 
don : by Sir A. Mitchell and Dr. Buchan (12 pp.) ; and Hygrometry in the 
Meteorological Journal: by C. Piazzi Smyth (2 pp.). 
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lisTEOBOLoaisoHB Zeitsohbift. Heransgegeben von Dr. J. Hann nnd Dr. 
W. EoppEN. December 1890-Marcb 1891. 4to. 

The principal articles are : — Untersachungen iiber die Ursachen der nn- 
periodischcn Luftdruckschwankungcn : von F. Klitzkowski (14 pp.). This is an 
attempt to give a mathematical explanation of the causes of storms on the 
basis of Dr. Werner von Siemens* papers, which have been noticed in this 
Journal for January (p. 44). — Biihler's Hagelstatistik and vorlaufige Mittheilung 
einer sakularen Periode der Hagel- und Blitz-Gefahr : von C. Lang (9 pp.). 
The report reviewed refers to the hail records of Wfirtemberg for 60' years, 
1828-87. It deals solely with damage done by hail as recorded in the Govern- 
ment Insurance Offices, and so does not go pari passu with thunderstorm 
inquiries ; and it also treats only of the months at which crops are growing, &c. 
Speaking generally, Biihler recognises that maxima of hail damage coincide 
with minima of sun spot frequency ; but although he has a period of 60 years, 
his figures do not give a very regular curve. It appears, moreover, that the 
frequency of hail is not increasing, but the contrary. As regards the idleged 
protection given by woods against damage, Dr. B&hler is unable to find any con- 
firmation ox the belief, and savs that the question is inextricably mixed up with 
that of the influence of hill and valley. — £in Apparat zur Ventilation des 
f euchten Thermometers : von Dr. R. Assmann (9 pp.). This is a description of 
the mode of ventilating the wet bulb by means of an aspirator, and Dr. Assmann 
contends that his plan insures a definite reading of the wet bulb, even in frost, 
in five minutes ; whereas, when the bulb is left to itself, it often takes half -an- 
hour before the reading becomes steady. — Ueber den Einfluss des Waldes auf 
die periodischen Veranderungen der Lufttemperatur: von Dr. A, Muttrich 
(21 pp.). The author discusses the same subject as was treated of lately by 
Herr Eckert for Austria, but deals with fuller material. He has 15 years* obser- 
vations nearly complete for 16 stations in North Germany. The reeults are 
worked out in great detail, but the minutise are hardly of general interest. — 
Ueber die altesten meteorologischen Beobachtungen von Wien : von J. Le^mar 
(10 pp.). This is a discussion of the observations of Pilgram in Vienna from 
1762 to 1786. Dove quoted his figures as daily temperatures ; but for most of 
the time they were early morning observations, probably taken at 6 a.m., and con- 
sequently too low. His thermometers were self-made, and probably not quite 
correctly marked at the fixed points. Pilgram must have been a bit of a wag. 
The Mannheim Academy proposed a scale of 1-4 for the wind. He said : *^ For 
the country and small towns the scale is good enough, but how shall we notice the 
motion of foliage in a city ? We must only understand that we are to observe 
the foUage of the gardens the ladies wear on their hats, and the scale would be : 

1. A wind which moves the wreaths. 

2. Blows away the wreaths. 

3. Blows away the hats. 

4. Blows away the ladies, hats, and all." 

— ^Zur Beurtheilung der Evaporationskraft eines Klimas : von Dr. M. Ule (5 pp.). 
This is an attempt to set at rest the question whether we should give relative 
humidity, or difference between that and saturation, or any other of the various 
modes of attacking evaporation. Dr. Ule suggests the following formula : — 

Evaporation = AS (t-f) to. 

S Implies that {t-t') is to be calculated for each observation during the time 
for wnich the evaporation is to be determined and ic is the wind. Dr. Ule 
admits Uiat his formula would show no evaporation if a calm occurred, but other- 
wise his figures are fairly consistent inter se. 

Sailor's Hand Book of Stobh Tback and Ice Chabts. By Lieut. John ?• 
FiNLBY, Signal Corps U.S. Army, &c. 

Lieutenant Finlcy says in his Preface that " the subject under discussion in 
this volume relates directly to the distribution and frequency of atmospheric 
disturbances, and the attendant movements of fog and ice over certain portions 
of the North Atlantic Ocean." 
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The constniction of the charts is next explained. Then come explanatory 
tables, and finally the charts themselves, which we shall take in the order in 
which they appear. 

1. Storm Track Charts. Of these there are 12, one for each month, repre- 
senting the tracks of storm centres for the period of 10 years, 1875-84. These 
tracks are represented by a mass of confused lines covering the northern por- 
tion of the Ocean, and so interlaced one with another that individusd tracks 
can scarcely be followed. Lieut. Finley states : — ** By a storm centre is meant 
the centre of a region in which gales of the force of 4 to 6 on Beaufort Scale 
are experienced.*' There must be some misconception here, as the lowest figure 
for a gale on Beaufort's Scale is 7. Perhaps Mr. Finley refers to the Land 
Scale (0^-6), but that is not Beaufort's. 

2. Hurricane Chart. This possesses the same defect as the preceding series. 
The lines interlace and are almost undecipherable. The chart also is very 
badly litho^aphed, which renders it less legible. 

3. Humcane Chart of the Gulf of Mexico. This is much clearer. It would 
be improved if drawn on a larger scale. 

4. Storm Frequency Charts. Of these there are 12 monthly and one annual 
chart, 13 in all. They are much clearer than the Storm Track Charts, and are 
interesting. 

6. Fog Charts. These are monthly, and they show by curves the 
"average,*^ "probable," and "extreme limits of their occurrence, mainly 
about the banks of Newfoundland. As to this classification, the " average " and 
"extreme" data are taken from the U. S. Hydrographic Office data, the 
" probable " data from Signal Service publications. The result of this combi- 
nation of incongruous data is that in several months the " probable " area, so 
far from coinciding with the "average," is far beyond the "extreme" area, 
notably so from August to November! The fog region never reaches the 
British Isles I 

6. Ice Charts. These resemble the fog charts, and are affected by the same 
confusion of ideas as to the " average," " probable," and " extreme ' limits. 

Stmomb's Monthly Mkteobologioal Magazine. Jannary-March 1891. 

Nos. 800-802. Bvo. 

The principal contents are : The Frost of 1890-91 (6 pp.). — Hail Insurance 
(2 pp.). — Frost Penetration (2 pp.). — Grass Thermometers in time of Snow : by 
J. Baxendell (1 p.). — February 1891 (8 pp.). This gives details of the distribu- 
tion of rainfall over the British Isles dunng the month, which was abnormally 
small. At many stations no rain whatever was recorded during the month. — 
Merle's MS. Observations a.d. 1337-1344 (1 p.). 

Transaotions of thb Hebtfobdshibe Natubal Histoby Sooiett and 
Field Club. Vol. VI. Parts 1-8. 1890. Bvo. 

Contains among other articles : A record of water-level in a deep chalk well at 
Odsey Grange, Koyston, 1878-1888 ; bv H. G. Fordham (6 pp. and 2 plates). 
The author gives the measurements of the water-level in this well on March Ist 
in each year, and also the annual rainfall. Comparing the results with measure- 
ments made in two other wells he finds that the movements of the water are 
slightly later in time in the deeper wells, on the higher ground at Therfield and 
Barley than at Odsey, while at the same time a close parallelism is maintained in 
the curves representing the changes of level in the three wells. The rise from 
November to March, and the subsequent fall, take place with more or less modi- 
fication from the mean curve year by year ; any abnormal development in the 
annual curve being generally associated with some exceptional condition relative 
to the autumn and winter rainfall, and but rarely to that of the spring or autumn. 

Half a Century's Rainfall in Hertfordshire : by J. Hopkinson ^10 pp. and map). 

There was 1 station at work during the decade 1840-49 ; 2 in 1860-59 ; 7 in 
1860-69 ; 12 in 1870-79 ; and 18 in 1880-89 ; while in 1889 there were 30 gauges 
at work in the county. The mean rainfall during each decade was as follows : — 
1840-49 1850-59 1860-69 1870-79 1880-89 

25-82 25-50 26-11 27-97 26-74 

The mean for the 50 years 1840-89 was 26-43 ins. 
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TsANSAOnOMS OP THE BOTAL SOOIETT OF EDINBUBaH. VoI. XXXIV. ^io. 

1890. 406 pp. 

This is devoted entirely to an accoant of the Meteorology of Ben Neyis. It 
contains the detailed hourly observations made at the Ben Nevis Observatory, and 
the five daily observations at Fort William, from December 1st, 1883, to Decem- 
ber 31st, 1887, and is prefaced by a Report by Dr. Bachan on the Meteorology of 
Ben Nevis, based on these observations. The Observatory Log Book is also 
given in extenso, which contains much valuable and interesting information, not 
only of a scientific nature, but also on the difficulties encountered by the assis- 
tants in carrying on the observations. 

Weatheb Fobeoastino fob the Bbitish Islands by means of a Barometer, 
the Direction and Force of the Wind, and Cirrus Clouds. By Gapt. 
Henby Totnbee, F.B.A.S. 8vo. 1890. 86 pp. 

In 1888 and 1889 Capt. Toynbee, at the request of the Council of the Meteo- 
rological Office, lectured on tne use of the barometer to seafaring men at various 
ports in the North of Ireland and North-west of England. A desire was expressed 
that the lecture should be published: hence the present little manual. The 
object of the lecture is to show what a single observer can do towards fore- 
casting wind and weather at his station, supposing him to have a barometer, 
means for observing roughly the direction and force of the wind, and power to 
recognise cirrus clouds and the direction from which they are coming. The 
work is illustrated with a number of plates and diagrams. 

Zeitsghbift fub Instbumentenkunde. Neunter Jahrgang. March 1889. 
4to. 

Contains : Neue Registrirapparate fur Regenfall und Wind, mit elektrischer 
Uebertragun^ : von Dr. A. Sprung und R. Fuess (8 pp.). This is a description 
of new electrical apparatus for recording rain and wind. As regards the former 
the authors use a lamp inside, as Babinet did in winter to melt snow. In the 
anemometer they use Robinson's cups, and a vane for direction. No account is 

fiven of the extent to which the battery is run out by the frequent changes of 
irection in a storm. 
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[Bead March 18th, 1891.] 

Owing to the absence of onr President in Oriental countries, it was felt by 
the Coonoil that he conld not be asked to prepare the Address relative to the 
Annnal Exhibition, and I was requested to do so. 

This paper is therefore one of the series in which Hygrometers, Anemome- 
ters, Instruments for Travellers, Thermometers, Sunshine Recorders, Baro- 
meters, Marine Instruments, Apparatus for studying Atmospheric Electricity, 
Solar Radiation Instruments, and the application of Photography to Meteoro- 
logy, have been successively dealt with. I regret that I cannot, in the time at 
my disposal, make this as nearly complete as some of its predecessors were. 
My difficulties have also been aggravated by the fact that I cannot ascertain 
that any one has ever attempted to deal with the subject — even Poggondorff, 
in his excellent Oeschichte der Physikf devotes less than half-a-page to it, and 
has not carried the history back so far as I have been able to do. 

We are indebted to Dr. Hellmann for directing attention to what is pro- 
bably the earliest measurement of rain, but, as will be seen, it was merely an 

^ By one of those ourioos coincidences which frequently ooonr, Dr. Hellmann was at 
work upon this snbjeot at the same time as I was, and he has most kindly allowed me 
to use his data in the verification and completion of this Paper.^G. J. S. 

IIXW BSBBS. — ^YOL. XVH. { 
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isolated experiment, there is no suggestion of a rain gauge, or of a con- 
tinnous record. 

In an extremely interesting article^ in a Gterman periodical. Dr. Hftllmann 
calls attention to a letter dated Jane 10, 1689, and addressed by B. Casielli to 
Galileo, in which he relates that after going to see a lake which was excep- 
tionally low, he, on his retom to Perugia, passed for eight hours through an 
apparently exceptionally heavy rain. This suggested to him the problem how 
much such a rain might raise the lake, and so, on reaching home, he put out 
a glass cylinder about 5 inches in diameter and 9 inches deep, and at the 
end of an hour took it in, and measured the depth of water in it. He does 
not give it in figures, but in the letter draws a line about 0*4 inch long to 
represent the depth. 

Further evidence that this was an isolated case, and that the idea of regularly 
recording the fall of rain did not occur to Castelli, seems to bo afforded by 
the fact that all through the Gimento MSS., which range from 1654 to 1664, 
and in the record very carefully kept at the Monastery of the Angels at 
Florence from 1654 to 1670, there is no reference to a rain gauge, though 
frequent statements are made as to the fall of rain and of snow. Had such 
an instrument as a rain gauge been known, I feel sure that one would at once 
have been added to the instniments at the mopastery. 

Most curiously, the first rain gauge designed was not an ordinary one, but 
a recording one. In Birch's History of the Royal Society we read that on 
January 22, 166^, Dr. Wren {i.e. Sir Christopher Wren) showed his experi- 
ment of filling a vessel with water, which emptied itself when filled to a cer- 
tain height. Later on, September 28, 1668, Dr. Wilkins was desired to 
write to Dr. Wren for his scheme of the instrument for recording all sorts of 
weather. On November 80, 1668, Dr. "Vrakins acquainted the Society that be 
had received an answer from Dr. Christopher Wren concerning his promiaed 
weather-clock, together with the scheme thereof. The amanuensis was 
ordered to draw the scheme in great {i,e. to prepare a diagram) against tbe 
next meeting, at which it should be considered, together with the letter des- 
cribing it. On December 9, 1668, Dr. Wren's description of his weaUier- 
clock, consisting of two wings that may be added to a pendulum clock, was 
read and ordered to be registered. I do not reproduce this drawing because 
for some reason Sir Christopher did not propose to record anything except 
wind — and we are dealing with rain gauges, not with anemometers. But the 
other Fellows wished it completed, and, after some debate, the matter was 
referred to the Council to consider of the expenses, and of the most convenient 
way of reducing the engine into practice, as also of additions to be made 
thereto, whereof some were mentioned by Mr. Hooke, one of the officers of the 
Society. The Council was evidently alarmed at these additions, for five days 
later (December 14, 1668) it was ordered that Dr. Wren be desired to make 
an estimate of the charges of a plain weather-clock, such as he himself had 
devised ; and to consider of the easiest contrivance to put it in practice. 

1 Die Anpnge ^er Meteorologischen Beohachtungen und Inttmniente, Himmel and Kxd^ 
XI. Jabrg. 3 u. 4 Heft. 
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in 1664 (AngoBt) Hooke was provided with a residence in Gresham College 
(then the headquarters of the Royal Society), and directly afterwards, 
September 14, 1664, it was ordered that Mr. Hooke contrive a pendolnm 
eloek applicable to the observing changes of the weather, as well and as 
oheap as he ooold, for the nse of the Society. In the following January 
Hooke showed the way whereby a thermometer might be made to indicate in 
oomneotion with the weather-clock. 

Then for several years nothing was done, but finally, on May 19, 1670, it 
was ordered that a weather-clock should be bespoken by Mr. Hooke ; such a 
one as Dr. Wren had formerly contrived, for observing [recording] not only 
the winds and their quarters and degrees of strength, but also the quantities 
of rain, and other particulars relating to the temperature of the air. 

it was thus nearly ten years between the date of Sir Christopher's sug- 
gesting his tipping-bucket rain gauge, and one being ordered for construction 
for the Boyal Society. My impression is, however, that Sir Christopher, after 
diowing his rain gauge to the Boyal Society on January 22nd, 1662, took it 
home again, and recorded it regularly, although no trace of his observations 
can now be found. My reasons for this opinion are two : first that such a 
eoorse was probable ; secondly, that to a review of Perrault*s Origine de$ 
Fmtamea in the PhU. Trans, Nov. 22, 1675, there is the following note : — 

" The like to which hath been attempted here, and proposed to the B. 
Soc. some years since, by Sir C. Wren, who by the contrivance of a rain 
bucket had taken an account of all the water that fell for a considerable time, 
and by his weather-dock had, among other particulars, not only taken in the 
measurement of the quantity of rain that falls, but also when it falls, and 
how much at each time." 

It had long been supposed that the observations made by Mr. Townley, of 
Townley, near Burnley, Lancashire, which began on January Ist, 1677, were 
tlie earliest in the world, but Poggendorff has shown that an unknown corres- 
pondent residing at D\jon had supplied Mariotte with records from that city 
dating back to about 1674, or three years before the Townley ones. 

On carefully reading Mariotte's works, I found a reference to a rather 
searee anonymous book, entitled De V origine des Fontaines, printed in Paris in 
1674. It is, of course, in old French, but of such interest that I think a few 
from p. 200 should be reprinted verbatim. 

" Par les obfervations que j*ay faites de la quantite des eaux de 
pluye & de neige, j'ay trouv6 que depuis le mois d*Octobre i668, 
jufques k pareil mois de 1669, il en eft tomb6 la hauteur de dix- 
huit poulces fept lignes : Depuis pareil mois de Tann^e 1670, 
jufques k pareil mois de 1671, il n'en eft tomb6 que la hauteur 
d'onze poulces fix lignes feulement ; & depuis le mois de Janvier 
1673, jufques k pareil mois de 1674, ^^ hauteur de vingt fept 
poulces fix lignes : le joins ces trois quantitez enfemble pour en 
faire celle d'vne ann6e commune, qui fera par ce moyen de diic- 
n«uf poulces deux lignes vn tiers.'* 
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I had, from internal evidence, arriyed at the eoDclntkm that these obaervm- 
tions were made in PariB, but thanks to the hdp of Mr. White» the Assistant 
Librarian of the Bojal Society, the yeil of ^aimjndij is remofod, and the 
observations prove to have been made in Paris by IL Piem Ptaaanliy in 
whose collected works the above anonymoos book is reprinted with his 
signature. 

Perhaps a brief digression respecting whatled Perraolt and Mariotte io make, 
and to have made, these observations, may be excused. Seienee made rapid 
advances daring the years foUowing the discovery of the barcnneter in 1648 : 
in 1648 there was Pascal's experiment on the variation of the bazometer with 
altitude above sea-level, and in 1670 Mariotte proposed the synchronous stndy 
of winds over a large area, with a view to weather forecasting. Althon^ the 
Biblical texts were perfectly clear as to the course of the vi^oor and the rivers 
(Job xxvi. 8 ; Isaiah Iv. 10 ; Jer. x. 18 ; EccL i. 7) ; and Yitrnvins, in his 
ArehiUetura, had distinctly stated that springs were fed by stored-op rainfially 
the matter had been so boried under false theories that the general opinion 
had swerved quite away from the truth, when Perrault took it up, and in the 
little book I have quoted, gave, first a thorough analysis of the many fidse ex- 
planations, and then the true explanation. For this he, of course, needed the 
returns of rainfall, and it is curious that his mean value for Paris 19"2^^' 
corresponds to 20*45 English inches, or within half-an-inch of the value for 
that city assigned by Prof. Baulin as the result of modem observation. M. 
Perrault dealt with the matter with great skill, considering the epoch. He had 
the rainfall, he allowed for evaporation, he made an estimate of the area of 
the watershed of the Seine and the Mame, and compared the probable dis- 
charge, with that of the combined rivers when passing through Paris. 

Having started this question of priority I proceed to deal with, and dispose 
of it. I have placed Sir Christopher first on the list, because I believe that 
he was first, but I have attached a ? to the entry because I have not actual 
proof. 

Doubtless the tables which I have prepared have faults. They are 
virtually challenges to the meteorologists of all countries, to prove, if they can, 
that they are entitled to higher positions than I have awarded to them ; and 
although I have taken pains to do justice to all, I include the taUee in the 
paper that they may be corrected if, and where, they need it. 

The first table gives a list of all rain records commenced before 1700, vis.: 

Goantry. City or Place. Observer. Date. 

^England, London, Sir Christopher Wren. 1662 ? 

France, Paris, P. Perrault 1668. 

Dyon, 1674? 

England, Townley, Lancashfre, B. Townley. 1677. 

France, Paris, Sedileau. 1688. 

„ Lille, Yauban. 1689. 

England, Gresham College, London, B. Hooke. 1695. 

„ Upminster, Essex, Rev. W. Derham. 1697. 
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in the next table I have had to deal not merely with meteorology, but with 
politics. The map of Europe, and of the World, is not the same now as it 
iras 224 years ago, and this has caosed some difficolty in forming a list of the 
eonntries of the world, in the order of date of first systematic record of rain- 
£|J1 — ^which is what I have tried to compile. I do not think that the first 
fiye entries will bo easily wrested from France, England, Italy, Switzerland, 
and Ireland respeetiyely, but that very probably the entries of the later dates, 
e,g, for the nineteenth century, will require both modifications and additions. 



Qoartera. 


Countries. 


Towns. 


Dates. 


Europe 


France 


Paris 


1668 


>» 


England 


Townley 


1677 


99 


Italy 


Pisa 


1707 


99 


Switzerland 


Ziirich 


1708 


99 


Ireland 


Londonderry 


1711 


99 


Wurtemburg 


TTlm 


1712 


99 


Holland 


Leyden 


1717 


99 


Prussia 


Breslau 


1717 


99 


Scotland 


Edinburgh 


1781 


»9 


Russia 


St. Petersburg 


1788 


North America 


South Carolina 


Charleston 


1788 


Europe 


Sweden 


Upsala 


1789 


Africa 


Madeira 


Funchal 


1747 


West Indies 

99 


Antigua 
Martinique 




1761 
1761 


St. Pierre 


99 


St. Domingo 


Haiti 


1761 


Europe 


Austria 


Eromsmiinster 


1768 


99 


Norway 


Bergen 


1766 


99 


Denmark 


Copenhagen 


1769 


Asia 


Madras 


Madras 


1777 


Europe 


Belgium 


Brussels 


1779 


99 


Spain 


Barcelona 


1780 


West Indies 


Guadaloupe 


La Point a Pitre 


1782 


Europe 


Portugal 


Lisbon 


1788 


Asia 


Bengal 


Calcutta 


1784 


Africa 


Mauritius 


Port Louis 


1786 


South Amenca 


French Guiana 


Cayenne 


1788 


West Indies 


Cuba 


Havanah 


1811 


Asia 


China 


Canton 


1812 


Europe 


Bayaria 


Baireuth 


1814 


Asia 


Bombay 


Bombay 


1817 


Europe 


Baden 


Freiburg 


1817 


Africa 


E^union 


St. Denis 


1818 


99 


Sierra Leone 


Freetown 


1819 


South America 


Brazil 


S. L. de Maranhao 


1821 


West Indies 


St. Vincent 


Ijangley Park 


1822 



18S 
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Qnaitcn. 


Ooonliies. 


Towns* 


North Ameriea 


y^lTl^ft 


VefaCmi 


Asia 




Jaouimfiin 


£iirope 


Iceland 


Beikarik 


Afriea 


Guinea 


ChristianAorg 


Soath Ameriea 


British Guiana 


Gtoofgelown 


Asia 


Ceylon 


Kan^ 


Afriea 


Egypt 


Cairo 


19 


Algeria 


Algiers 


»> 




Constantine 




South Austndia 


Adelaide 


99 


Victoria 


Melboorae 


ft 




Hobart 


Asia 


Java 


Buitenzorg 


Africa 


Oran 


Oran 


West Indies 


St. Thomas 
Tahiti 




Pap^iU 


West Indies 


Barbados 


Husbands 


Africa 


Senegal 


St. Louis 


South America 


Chin 




West Indies 




Up Park Camp 


Asia 


Persia 


Ooroomiah 


Africa 


Madagascar 


Nossi-B4 


South America 


Venezuela 


Caracas 


Oceania 


New Caledonia 


Noumea 


Enrope 


Boumania 


Bucharest 


South America 


British Honduras 


; Belize 


West Indies 
Asia 


Sombrero 
Cochin China 




Saigon 


West Indies 


Porto Bico 


St. John's 


South America 


Peru 


Lima 
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1888 
1888 
1889 
1889 
1881 
1888 
188ff 
1888 
1888 
1889 
1840 
1841 
1841 
1841 
1848 
1846 
1847 
1848 
1849 
1858 
1858 
1855 
1860 
1860 
1868 
1868 
1868 
1864 
1868 
1869 



I have not been able to find any details respecting the gauges used in 
Paris by Perrault in 1668, but that at D^on in 1674 is stated by Mariotte to 
have been : — 

" Un vaisseau quarr^ qui avoit environ deux pieds de diamitre, au fond 
duquel il y avait un tuyau qui portoit Teau de la pluie qui y tomboit dans on 
vaisseau cylindrique." 

As regards the first English observations, those made at Townleyi near 
Burnley in Lancashire, in 1677, it would have been very interesting to give a 
drawing of the gauge, but as no engraving exists, we must be content with Mr. 
Townley*s description, which is as follows : — *< I fixed a round tunnel of 18 
inches diameter to a leaden pipe which could admit of no water, but what 
came through the tunnel, by reason of a part soldered to the tuxmel itself. 
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wkieh want over the pipe, and served also to fix it to it^ as well as to keep 
out any wet that in stormy weather might beat against the under part of the 
tonnel ; which was so placed, that there was no building near it that woold 
giye occasion to suspect that it did not receiye its due proportion of rain that 
ISbU throng the pipe ilome nine yards perpendicularly, and then was bent 
into a window near my chamber, under which convenient vessels were placed 
to receive what fell into the tunnel ; which I measured by a cylindrical glass, 
at a certain mark containing just a poimd, or 12 ounces troy, and had 
siarks for smalkr parts also." 

in this description there are a few points to be noticed : (1) that Mr. 
Townley was careful not merely that his tunnel was firmly fixed (I have 
known modem observers have theirs blown away), but also that no rain could 
trickle down the outside of the funnel and find its way down for measurement 
(as has subsequently occurred). On the other hand, Mr. Townley, like most 
early observers, was wrong in putting the tunnel on the roof of his house ; 
many persons would imagine that in the 27 feet of pipe there would be 
evaporation and loss, but from actual measurements of a similarly mounted 
gauge I have found this error to be almost imperceptible. 

The next earliest gauge of which I have details was that used at Gresham 
College, London, in 1695 ; this is shown in Fig. 1. There is a wooden frame . 
to support the glasses (the funnel was apparently of glass), a large bottle 
called a bolt-head with a neck 20 inches long, and capable of holding above 
two gallons. The funnel was 11*4 inches in diameter, and steadied by two 
stays or pack threads strained by two pins to hold the tunnel steady against 
the high winds. The pipe of the tunnel being no wider than i of an inch, 
the evaporation could be but little. 




Fie. 1. 
Bain Gauge used at Gresham College, London, in 1695. 

The Collected water was weighed every Monday morning in pounds, ounces 
ftAd grains troy, and the amount was printed in that form, but the total was 
converted intD,.and printed as, the vortical depth which had fallen, viz. from 
Angufift 12, 1695, to the same date in 1696, 181 lbs. 7 oz. 118 grains, or 
89*11 inches. 
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I am not sure abont the pattern of gauge used by the Bey. Mr. Deriiam, 
F.B.S., at Upminster, from 1697, but believe that it was yexy similar to Ifr. 
Townley's, and similarly mounted. 

As early as 1722 a close approach was made (by the Bey. Mr. Horsleyy of 
Widdrington, Northumberland) to the modem principle. The following is 
the description : — 

'* The weighing the water and reducing it from weight to depth seemed 
pretty troublesome, even when done in the easiest method : to remedy this 
inconvenience (besides a funnel and proper receptacle for the rain) I use a 
cylindrical measure and gauge. The funnel is 80 inches in diameter, and the 
cylindrical measure exactly 8 inches, the depth of the measure is 10 inehes, 
and the gauge of the same length with each inch divided into 10 equal parts ; or, 
instead of a gauge, the inches and divisions may be marked on the side of 
the cylindrical measure. The apparatus is simple and plain, and it is easy to 
apprehend the design and reason of the contrivance ; for the diameter of the 
cylindrical measure being just t^'of that of the funnel, and the measure exactly 
10 inches deep, 'tis plain that 10 measures of rain make an inch in depth, 
one measure 0*1 inch, one inch on the gauge O'Ol inch, and ^ of an inch 
on the gauge 0*001 inch. By this means the depth of any particular 
•quantity which falls, may be set down with ease and exactness, and the whole 
at the end of each month or year may be summed up without trouble." 

I notice, however, that in 1742 the observer at Bome, Abbot DidaeuB de 
Bevillas, speaks of his gauge, which closely resembled Mr. Horsley's as " Dr. 
Halley's method," so that possibly Mr. Horsley was not, after all, the origi' 
nator of the pattern of rain gauge which he described. 

Dr. Jurin was among the first, if not the first person, to draw up a code of 
rules for meteorological observers. It is not necessary to describe the rain 
gauge which he recommended, because it closely resembled the one just 
described, but it may be well to state that he is among the earliest to refer to 
the measurement of snow. He says : ** Sextima et ultima altitudinem pluvie, 
vel nivis in aqnam resolntsa, qu8B post superiorem observationem deciderit, per 
digitos Landinensis et earum partes decimales metiatur." 

Considerable though not very satisfactory information respecting rain 
gauges is given in Leupold's * Theatrum Staticum,* folio, Leipzig, 1726. He 
devotes two and a half pages of text, and nine engravings to rain gauges, 
but his engravings are diagrams rather than drawings, and with the excep- 
tion of Fig. 2 do not represent the rain gauges precisely as used. 

He describes the rain gauge used from about 1717 at numerous stations 
by members of the Breslau Natural History Society as a sharp-edged glass 
funnel about 4 inches in diameter and 8 inches deep, divided to indicate the 
weight of water fallen into it, not the depth which it represented. 

In Fig. 2 he represents a square gauge of his own design, about 9 inches 
square, and of which the contents were to be measured in a glass tabe. 
Except that the upper rim should be sharp, that taps are always undesirable as 
they leak, and that his glass tube should have been divided to show depth, 
not weight, there is nothing to complain of in this, which, be it remembered 
was described and engraved more than 150 years since. 
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Leapold next describes another gauge, a square fdnnel leading 
into two glass tubes, a terrible apparatus invented by M. Lent- 
maim, but I hope never used. He then gives a sketch which 
contains the germ of what is (wrongly) known as Stutter's record- 
ing rain gauge, viz, a trough with a series of compartments driven 
by clockwork under the orifice ef a funnel, so that by measuring 
the fall in each compartment one would get the quantity during 
the respective intervals. 

Lastly, Leupold describes a second gauge of his own inven- 
tion, which may be said to contain the germ of what is usually p^ J 2 
called Crosley's, and on the Continent (wrongly) Homer's. Leu- Lenpold's 
pold has under the point of his funnel a small bucket on one end ^^i^ Gauge, 
of a balanced lever, when full it tips and empties, but in tipping turns a 
wheel one tooth, which carries a hand one division on a dial, and as there 
are four dials each 10 fold the other, the apparatus indicates up to 10,000 
tips* There is an arrangement to prevent water passing out of the funnel 
while the emptying is in process. Leupold does not say that the instrument 
was ever tried. 

In 1744 Mr. Pickering, F.B.S., proposed a gauge far inferior to that of 
Horsley (or Halley), and an engraving of it appears in the PhU. Trans. The 
funnel had an area of only one square inch ; this led into a glass tube (of 
which in the engraving the diameter is exaggerated) i inch in diameter, and 
rather more than 2 feet long. In such a tube 1 inch of rain would stand 
about 5 inches deep, and Mr. Pickering says that he had each inch divided 
into 82 parts, the marks being lead pencil on white paint. He had this 
hung against the railings which went round the top of his house. I am not 
aware that any observations made with this gauge have been preserved. 

I must not, however, dwell longer upon these antiquarian curiosities, but 
come down to modem times and try to point out the good and the bad 
features illustrated by the present Exhibition. I think that this will best 
be done by taking seriatim various features connected with rain gauges. 

Dimensions. 

In the Exhibition we have a drawing of the largest rain gauge ever made (No. 
121), and in (No. 15) almost the smallest — one being more than two thousand 
times as large as the other, and yet their indications do not differ by any 
thing like 6 per cent. Very large gauges by radiation become cool, and 
being cool condense some vapour which the soil or a small gauge would not ; 
this makes them slightly exceed small ones. But in the experiments originated 
by Colonel Ward and subsequently continued with the same instruments by 
the Bev. C. H. Griffith and the Bev. F. W. Stow, it was proved that the 
difference between a gauge 1 inch in diameter^ and one five hundred times its 
size was less than 2 per cent. Similar comparisons have been made elsewhere, 
both in this country and abroad, almost always, I believe, with the same 
result. This, however, does not prove that either very small or very large 

1 The smallest ever used. 
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gaoges are deairable. With gauges less than Sinehes in <iiMinft tfy great care 
in measnring is neeeasary, because even one drop of water representa an 
appreciable depth of rain. With gauges exceeding 10 inohea in diameter 
the volume of water to be measored becomes ineanyeniently large and 
heavy, e,g. in the large gaoge at Bothamsted 1 inch of rain mnst weigh more 
than 2 cwt. That gauge excellently fulfils its olgect — the meaanrement of 
small falls, and the collection of water for analyaia ; bat no one woold 
suggest the general use of so formidable an apparatus. 

Bdis. 

It was found out at a very early date that a rim round the fimnel of a 
rain gauge was an improvement; and this is one of the points in which 
until a comparatively recent period there had been deterioration rather thaTi 
progress. Among the gauges used in the eighteenth century (perhaps not 
so much in England as on the Continent) it was not at all unusual to sur- 
round the funnel with a vertical rim 6 inches high. In England, however 
until the introduction of the Snowdon pattern gauge in 1864, the funnel 
nearly always reached almost to the top of the gauge. This was a pity, 
because if the funnel is not surrounded by a rim, if a fall of snow is 
accompanied by wind, hardly any of the snow will be left in the funnel,* 
and I am afraid that most of the early English records are (for the winter 
months) too small, owing to insufficient attention to the measurement of 
snow. 

I said just now almost to the top of the gauge, because, for nearly half a 
century, it has been the English practice, and is now nearly universal, that 
the actual top of the gauge shall be a turned brass rim. These rims de- 
serve a word or two, because many observers buy rain gauges with bad rims. 
The objects of the rim are three : (1) by its solidity to keep the funnel in 
shape and prevent warping ; (2) to define accurately the area within which 
rain drops are to be collected; (8) to cut any rain drop which falliy upon 
it so that the true proportion of the drop shall go into the gauge for 
measurement, and the rest shall go away. As regards (1) solidity, any one 
can judge whether the rim is adequately firm. As r^jards (2) whoever 
verifies the gauge is responsible — and it will be a good day when the pur- 
chase of unverified gauges is abandoned. The third object is one which 
even opticians do not seem to understand. To out a rain drop and send the 
two portions to their proper destinations a nearly vertical rim with an edge 
almost like that of a razor is necessary. There is a very fine specimen of 
what a rim should be on the gauge sent by Prof. Mascart (No. 88). Bee 
also Nos. 19 to 27. On the other hand, gauges Nos. 1 , 2 and 4, which are old 
patterns kindly made specially for the Exhibition by Messrs. Negretti and 
Zambra, may be quoted as specimens of what rims should not be. A drop 
falling with driving rain on the sloping brass rim, and wholly outside of the 
true area of the gauge, will break into spray, and much of that spray wiU be 
blown into the gauge. 
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WEiamNo THE Bain. 

I haye already mentioned that at Gresham College the rain was always 
weighed. At Townley, and at Upminster, and at many continental observa- 
tories, it was long the custom to report the rainfall by weight. I do not 
think that it was actually weighed, but that vessels were selected which held 
various fractions of a pound, and by pouring into them, the total weight was 
arrived at. Many of the older engravings indicate that each gauge had several 
measures of different sizes so as to be adapted to the amount to be measured. 
We have, however, seen that as early as 1722 Mr. Horsley had given up 
this roundabout process, and adopted a glass jar graduated in inches and 
decimals such as is in general use now. Weighing is now resorted to only 
when extreme accuracy is needed. A photograph of the Botherham weighing 
machine forms exhibit No. 88. 

Float GAtroBS. 

I am not sure who first employed the rising of a float to indicate the fall of 
rain. I believe it is a British idea, and I do not remember having seen a 
float gauge on the Continent except in Breguet's Self-Becording Bain Gauge. 
A float was employed in a complicated gauge used at Ghravesend by Mr. Kite 
in 1787, and three years later it seems to have been in general use, for in 1790 
George Adams, Mathematical Instrument Maker to His Majesty, in " A short 
dissertation on the barometer, &c.," describes only one pattern of rain gauge, 
viz. a 12 inch contracted float ; he points out the necessity for setting it to 
zero by patting in a little water, says that it was so arranged as to prevent 
evaporation, and that it was to be put in an open place where no house or 
other object could shelter it. In his list of prices it is marked 18s., his best 
Mountain Barometer being £9 9s. Further evidence in this direction is 
afforded by the fact that this pattern of gauge is the only one quoted in 
CuvdJlo's Elements of Natural Philosophy , 4 vols., 1808. 

Float gauges may be divided into six classes, of which the features are : 
(1) uniform ; (2) contracted ; (8) rod attached ; (4) rod detached ; and as 
(8) or (4) may be adapted to either (1) or (2), we get the six possible varieties. 

(1) Uniform, is represented in the exhibition by the small 8-inch Fleming 
gaugd (No. 14), and it has feature (8), viz. the rod attached. This is very bad, 
eepecially with so small a gauge, because rain rarely falls vertically, and as 
the rain falls the float rises, and carries up the rod. Now, suppose iiiat only 
2^ inches of rain have fallen (and this gauge is supposed to hold ten or more 
inches), the rod will have risen 2i inches above the rim, and if the rain is 
fijling at an angle of 45° the rod will be intercepting rain, which, but for the 
rod, could not, and should not, be led into the gauge. Few persons would credit 
how serious this error is — I must, therefore, give some facts, on the authority 
of the Report on the Supply of Surplus Water to Manchester, dc, by S. C. 
Homersham, G.E., 1848. 

In 1844 the Manchester Literary and Philosophical Society put on the 
bills east of the city some rain gauges which possessed the features (1) and 
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(8). It shortly afterwards occarred to Mr. J. Wood, who was resident 
engineer to the Peak Forest Canal, and near to whose residence one of these 
gauges was erected, that the rod most intercept moch rain which ought to 
go over the gauge — so he had a gauge made with a cover to it, and a rod of the 
same size as that in the Society's gauge, i.e, } inch diameter and 12 inches 
long, standing up through a hole 1 inch diameter in the centre of the said 
cover. The water intercepted hy the stick and running down it and passing 
through the hole in the cover amounted to 

Ins. 

1845 ... 21*95 

1846 ... 15*40 

1847 ... 22*48 



Mean ... 19*94 

Nearly 20 inches a year. I have been told, but cannot vouch for the Csot, that 
these faulty gauges led the Corporation of Manchester to grant compensation 
water far in excess of the proper amount, and which they had to bay off for 
£120,000. 

(2) Contracted float gauges--of which Messrs. Negretti have kindly 
made a specimen (No. 2) — are unsafe in any country liable to frost, because 
the contained water, on freezing, bursts the cylinder — and as they were 
always made with (8) the rods attached, and their rods (owing to the con- 
traction) rise two, three, four, or even five inches for each inch of rainfall, 
the error arising from these rods intercepting the rain was very serious. 
It is sometimes stated that these rods can be pegged or tied down — ^bnt that 
merely substitutes a lesser evil for the greater ; if the rods are finstened 
down, the floats are immersed ; and if the floats are immersed, the water 
surface is uncovered and liable to evaporation. 

(4) Detached rods. Float gauges with detached rods are, in my opinion, 
very useful for monthly gauges, and for engineering work. If the rod is 
absent, it cannot be tampered with, and no one without the proper rod can 
read the gauge. The float nearly covers the water, and so checks 
evaporation. The gauge being long is sunk deep into the ground where the 
water is not liable to be frozen, and the gauge will hold a Iwge quantity. If 
it be desired to have records true to ^th of an inch, all that is requisite is 
to contract the inner cylinder as in No. 24. 

Bide Tubs Gauges. 

We have in No. 1 a fine specimen of a pattern of rain gauge, introduced 
by Mr. Simms (of the firm of Troughton and Bimms) in 1885, but now 
happily rejected. It was handy, and handsome, and if one could find a 
locality of which the temperature never fell below 40° or rose above 60°, a 
gauge of that sort would give tolerable results. It would show too littie, 
because it is arranged to stand about 6 feet above the ground, where it would 
collect about 8 per cent, less than if its funnel were at the regular height of 
1 ft. That, however, is its least fault. In hot weather the water in it becomes 
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scaldingly hot and evaporates accordingly, and in winter the water freezes 
and bursts both the copper body and the glass tnbe. Add to that the fact 
that taps soon corrode and begin to drip, and it will be sufficiently evident 
why I say that it is a pattern to be avoided. 

I ought hereto refer to the continental, or perhaps I should have said, French 
variety of this gauge. In its early form there was no contraction, the water 
therefore simply rose in the tube according to the rainfall, an inch for an 
inch. I never saw a gauge of this pattern, but it was engraved in Pouillet's 
Elemeru de Physique in 1882, and has been copied into similar works ad 
runueam. This copying, however, has one advantage, it indicates plainly 
what a large proportion of most treatises on Physics consists of repetition ; 
but that is a digression. The modem French modification of this gauge is 
shown in No. 89, which must be very trying to those who use it during 
driving snow storms. The lamp, to prevent the water in the body from 
freezing, must^be kept alight in spite of the wind ; it must give heat enough 
to warm the body and melt the snow, and yet not enough to send off the 
melted snow as vapour. Moreover it holds very little, and if it overflows the 
record is lost. No. 88 is a far more trustworthy gauge. 

Howard's Gauges and Modifications thebbof. 

Howard's 5-inch funnel, bottle, and measure, are so well known that it 
seems almost heresy to suggest that it was not wholly original, but really 
there is not much room for absolute originality in a rain gauge. Dr. John 
Dalton, F.B.S., in his Meteorological Observations^ 1788, does not give full 
details as to his rain gauge, but I think that it was a 10-inch diameter circu- 
lar funnel leading into a glass bottle, and the measurement by a jar, 
just such as we use now. Dr. Gamett also {Trans, R. I, Aead, Y. (1724) p. 
257) used a funnel, bottle, and jar, and he represents his funnel as provided 
with an '* umbrella," i.e. a shield to prevent rain on the outside of the funnel 
running down into the bottle and being measured. To Howard, however, I 
think that we are indebted for two features, of which one was entirely new, 
viz. the turning of the brass rim so as to ensure great accuracy as to size and 
shape, and also for directing attention to the importance of the horizontality 
of tiie funnel. As regards the modifications, they are set out clearly in the 
Catalogue Nos. 6 to 10, and 21 and 22, and therefore need not be dealt with 
here. 

Taps. 

I do not know that taps are made better on the Continent than they are in 
England, or that continental climate has less effect upon out-of-door taps 
than is the case in England, but if neither of these conditions are true, it is 
difficult to understand the frequent use of taps in foreign rain gauges. In this 
country, after four or five years' exposure to the weather, a tap nearly always 
begins to drip. Are continental taps better ? or do our continental friends 
regard the drip as trivial ? I am very glad to see that Dr. Hellmann's latest 
pattern No. 48 has no tap, and Prof. Mascart*s No. 88 has none. That 
almost looks as if the days of taps for rain gauges were drawing to an end. 
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An tdtfioAj vMiotitmed^ that frst nm ^auxgtt in wfaiek the eofleeiad nin 
watur WW ntiBmtd U> rmiiter its amomit wm dawgnif^ bjSir Cbruloplier 
Wrea ; it wm a wedge-fthaped bodut wiiidi, wfccn ifled to ft Mrtam lw^lil» 
tifif^ ttkd imfitM itfttf. 

Id 172S we bsre * tctj Bmikv trmngtmeBt diovii m Tifnitmnnr V 
Inttntmenta HeUnnroffumm b%»en€mtim. 

About 100 JMTS kter, in 1837, Mr. J. Tftykr^ had a gragB made in 
wjbieh the water was led orer a fort of water idieel wifli heliaeal hneketa ; 
the inereaee of the wei^ of water in one hodet caused the wheel to tnm 
tmtO ite weig^ became foeh that it passed from imder the eondiieting iobe 
and another took ite ptaee, each ehai^ eaosing a hand to adranee one 
diTision over a eloek«like dial. 

In (or before) 1829 a gas meter maker named Croeley brou^t out a gange 
with a modiileation of 8ir Christopher Wren's boeket, and attadied to it a 
train of wheds similar to those he nsed for gas meters, and thns we 
have the so-called Crosley rain gaoge, ^ which we have three 
forms in the Exhibition, Nos. 80, 81 and 82. If every observer would 
do as one of the earliest purchasers of one (now long deceased) told me he 
did, Crosley gauges would not have so bad a character as they now have. 
My friend, the Rev. W. Steggall, of Thurston, Bury St. Edmonds, bonght 
his Crosley gauge in 1888, and he arranged that on New Year's Eve every 
year a watchmaker from Bury St. Edmnnds should go out to Thurston 
Vicarage, thoroughly clean and oil the gauge, and start it at zero for the new 
yeaTi finishing up with a substantial supper and a drive back to Bury Bt 
Edmunds. Modifications of Sir Christopher's tipping bucket enter into many 
patterns of self-recording rain gauges. 

In (or about) 1880 this was followed by J. E. Homer's vibrating double 
bucket gauge, which is fully described and illustrated in Eamtz's Lehrbuek 
der M$t0oroU>gief Vol. I. p. 412 it is nearly identical with Crosley's. 

Bblf-Rkoobding Rain Gauges. 

I mention those only that it may not be assumed that I have forgotten 
thom. It is, however, quite impossible to say in this paper anything useful 
upon a subject to which I have already devoted more than 80 pages of 
difToront volumes of BritUh Rain/aU, and to which nearly another 80 pages 
would require to bo oddod. 

Stobm Rain Gauges. 

Thcso are I think dealt with sufficiently in the Catalogue. Se€ Nos. 28 
HUd 2U. 

Peouliar Rain Gauges. 
Oxw ot Uio quooront rain gauges of which I have read was the De Witt 
(^uviKt'i of \vhich a largo number was distributed in the United States between 

^ Pkil Moff, Vol. U. p. 4C6. 
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1827 and 1840. As regards the State of New York, this led to the spoiling 
of all the rainfall work at the Academies, for when these gauges were issued 
the observers were told to continue their old gauges for comparison with the 
new ones. As far as appears from the published volume, not one of them 
either did that, or reported the date at which the De Witt gauge was taken 
into use. The De Witt gauge (first pattern) was simply a tin cone, 9 inches 
deep and 5 inches in diameter — it had no receiver — the water remained in 
the funnel (except what dried up) ; the funnel had no rim ; we are not told 
how it was to be stuck up and kept level ; a cone of this size would when 
brimful hold only 8 inches, and even with two inches a very large pro- 
portion would splash out : and the measurement was very funny, a stick was 
to be graduated (of course unequally) in accordance with an elaborate table, 
and this stick was to be plunged into the funnel with no arrangement to 
secure verticality, and with no correction for the displacement which the 
stick would produce. The second form of De Witt's gauge was even more 
comical. I do not know how its contents were to be measured, but it con- 
sisted of two funnels, one base upwards, as in his first pattern, the other a 
smaller cone, base downwards, and resting in the other cone. Anyone 
would be doing a service to students of American rainfall who made a list 
of all places to which De Witt's gauges were supplied, and of the years 
during which they were used. 

A spherical gauge is, in my opinion, another eccentricity, for the use of 
which no good reason can be given, and yet so able a man as the late Dr. 
Robinson used one at Armagh Observatory for many years from about 1886, 
and Mr. J. Atkinson (whose rain map No. 102 is one of the rarest items in 
the Exhibition) tried one near Carlisle in 1840. I do not und^*6tand what 
advantage is aimed at : a ball nearly as large as the fannel was placed in it, 
like an egg in an egg-cup, but the outsplashing must be enormous, hail could 
never get in, and with snow, the whole thing would become ridiculous. 

Staff gauges were another eccentricity, arising probably from Mr. Wood's 
experimental demonstration of the errors of float gauges with attached rods. 
I do not know whether he or Mr. Homersham was responsible for intro- 
ducing them ; the latter, however, in his Report^ <#c., 1848, sets out the theory 
of the gauge, and shows that he did not understand it, because he calculates 
upon intercepting a strip of rain equal to half the dreum/trence of his rod, 
whereas he would really obtain one equal to its diameter ^ which gives him an 
error of rather more than 50 per cent, to begin with — ^but in so wild a scheme 
that is perhaps a small portion of the total error. Possibly, I ought to give 
an idea of what the scheme was. A rod was to project vertically into the air, 
which rod passed, without touching, through a hole the sides of which were 
everywhere i inch distant from it. The length and surface of the siiek plus 
the area of the hole through which it passed were made equal to the area of 
a 9-inch horizontal mouthed gauge, viz. 68*61 inches. The calculations 
were : 



StMONS — k CONTRIBUTION TO THE BI8T0BT OF 

Diameter of rod 2 inches ; semi-circumference 8*142 

Length of rod 18*75 inches 

SnrfiEu^e of rod = 8*142 x 18-75 = 58-7 

Area of aperture 4*9 



Total area 88*6 

Bat evidently for the semi-circumference he should have taken the diameter, 
and then his area would have come out 42*4 instead of 68-8 The whcde idea 
is, however, hased on the fallacy that the rain falls 9 ! horijBontally. AagnniA 
a vertical rain, the area exposed is less than 5 inches, and the water falling on 
it is to he measured by a glass adapted to a gauge more than twelve timea as 
large. Moreover what record would a staff gauge give of a hailatonn I 



METEOROLOGICAL PHOTOGRAPHY. 

Abstract of an Address delivered to the Royal Meteorological Sooieiyi 

on March 18th, 1891. 

By ARTHUR W. CLAYDEN, MA., F.Q.S. 



Mb. Chaibman and Gentlemen, 

Bbfobe I show the photographs which I have brought here to-ni^^t, I wish 
to say a few words in explanation of the object with idiieh th^ are pro- — 
duced. 

Last year, at the Leeds Meeting of the British Assoeiaticiii Mr. Johzcxr^^Q 
Hopkinson, who is familiar to most of us as a Fellow of ihia Society, pro-^c^ 
posed the election of a small Committee to take up ilie snlgect of Mflteoro g — ^^^ 
logical Photography. The work which had already been done by 
Committee on Geological Photography had been so satisfaotory, that it 
felt desirable thut other sciences should be given a similar chance, and 
to Mr. Hopkinson's initiative and the cordial support he received from 
Symons, tlie task was entrusted to four of us, viz. Mr. Symons, who is oxzr 
Chairman, Professor Raphael Meldola, Mr. Hopkinson and myself, the 
duties of Secretary falling to my share. 

Now, Sir, it must occur to every one that the collection of Mcteorologio/ 
Photographs and the study of the applications of Photography to the pur- 
poses of our Science, is a work which this Society has carried on for some 
considerable time ; and indeed a glance round the waUs to-night will show 
how keenly the importance of this work is appreciated. Some of those who 
are here to-night may, therefore, be disposed to think that wo who compoee 
the British Association Committee, are sotting up, so to say, a rival establish- 
ment. Upon this point I had hoped that Mr. Symons might have said a 
word or two ; but as he has left it to me, I can assure you that there is xm) 
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thought of any such thmg. When I was first asked if I would serve on the 
Committee, I felt that whatever results it might attain could not fail to be of 
advantage to Meteorology, and so of value to our Society. |This view I am 
happy to find has been fully taken by the other Members of your Council, 
who have already lent us most valuable assistance. Indeed we are indebted 
to them for this opportunity of appealing to the Fellows for their invaluable 
eo-operation. 

Before discussing the scientific aspects of our work, perhaps I may be 
allowed to point out another advantage which I feel certain should follow 
from a development of Meteorological Photography. There are two ways of 
advancing a science. The first is, of course, by the discovery of new facts 
and new laws. Upon this I shall touch later this evening. At present I 
wish to emphasise the importance of the second method, which is to attract 
more students and difiuse that knowledge which exists. Now Meteorology 
is generally regarded, by what I may call outsiders, as a very <* dry " sub- 
ject. We ourselves know well enough the interest and value of long colunms 
of instrumental observations. But to the uninitiated they are meaningless, 
or at best wearisome in the extreme. Every one, however, can appreciate 
the beauty or interest of a photograph, and I believe that we have an oppor- 
tunity before us of enlisting very many recruits. We shall show, as the 
Society has already shown, that there are sections of our Science which, for 
general interest, will stand second to none. The observations of clouds and 
lightning are both subjects which every one can appreciate ; and I hope that 
Photography may be the means of starting many people on the study of 
Meteorology by presenting to them the more picturesque and popular aspects 
of the Science. Once arouse interest, and weather charts, instrumental 
reeords and the like will be studied by the light of that interest, instead of 
being put aside as dry and unintelligible. Therefore, Sir, with the object of 
advancing Meteorology by the spread of a knowledge of its principles, we 
appeal to the Fellows for assistance. We ask them to send copies of any 
photographs they may take, either to us, or to the Council of this Society — 
for I take it either course will come in the long-run to much the same thing. 
The collection we are making is intended for a variety of purposes. Firstly, 
of course, as a record of scientific facts ; but also as afibrding the means of 
study and perhaps the means of teaching also. I am constantly being asked 
where good lantern slides can be got to illustrate lectures on meteorological 
phenomena, and I have always to reply that I know of no place where they 
can be obtained. We hope that this deficiency may be supplied by means of 
our collection, if only meteorologists will lend us sufficient support. 

However, I must not dwell at too great length upon what I may caU the 
popular aspect of our work. I believe it to be of very great importance, but 
it is most certainly second to the scientific aspect. 

We hope that in time we may form a collection which will give a pictorial 
record of all sorts of meteorological phenomena. But we want something 
more than that. We want every photograph to be accompanied by a full 
account of the circumstances under which it was taken, and in the case of 
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cloudfl of the method adopted in its prodaction. There are many problems 
of the first importance which may possibly so be solved. For instance, what 
are the relations between the varions forms of clonds ? How are those varioas 
forms produced ? What relations do they bear to the distribntion of baro- 
metric pressure ? These are only a few specimen queries, none of them have 
yet been satisflEustorily answered, No doubt men like the Rev. W. Clement 
Ley know a very great deal about clouds, but however complete their know- 
ledge may be they cannot communicate it all to others for want of an adequate 
sjrstem of cloud nomenclature. 

One of the first things, then, is to get together as many photographs of 
douds as possible. Unfortunately, cloud photography is not easy, so a pre- 
liminary task is to find some means of simplifying the art. Heavy clonds, or 
douds which stand out dark on a background of an evening sky are easy to 
take, but the more delicate forms of cirrus (just those about which least is 
known) are extremely difficult subjects for the ordinary photographer. A 
short exposure, correctly timed, will give a good result, but the difficulty is to 
get that correct time. 

Various special devices have been described, such as using a slow plate, 
placing yellow glass in front of the lens, and so forth. We hope that some one 
will take up each of these methods and give it a thorough trial, such as I have 
given to a third. This method has been described in theory by Dr. Biggen- 
baoh so long ago as November 1888. As his paper is printed in the 
Quarterly Jaumaf} of this Society it is not necessary for me to give a long 
description. When I first made my own apparatus I thought I had made a 
discovery, as Dr. Riggenbach's paper had escai>ed my notice, or it may be 
that my memory was at fault, and I conceived the same notion by what Dr. 
Carpenter has called '< Unconscious Cerebration.** This means that such 
credit as the method deserves must be given to Dr. Riggenbach, and the beau- 
tiful specimens of his own handiwork which are displayed in our exhibition 
are probably results achieved by its means. It consists in placing a mirror of 
black glass in front of the lens so that the plane of the mirror makes an angle 
of about 88° with the axis of the lens. It has long been known that some of the 
blue light of the sky is polarised in a certain plane, while that firom a doud is 
not. The mirror extinguishes the polarised light and so makes the image of the 
cloud stand out brightly on a dark background. This is especially the case 
when the cloud in question is situated about 90° from the sun, and, according to 
theory, the mirror should be of less and less advantage as the point of view 
is more and more distant from this position. As a matter of flEu^, I have 
found that the position does not greatly afiect the efficiency of the mirror, its 
advantage being apparently due also to other causes. Being a dark mirror, 
it reduces the whole brilliancy of illumination, so that it becomes compara- 
tively easy to judge the exposure correctly. The pictures of cirrus and other 
clouds which I show you to-night give a good idea of the value of the method, 
especially as I cannot lay claim to any particular skill above that of an 
aveiiige amateur. 

1 Vol. XV. p. 16. 
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Another point which these photographs illustrate is the advantage of taking 
a ieries of photographs showing either the rapidity of cloud changes, or the 
numerous varieties of forms assumed hy cirrus clouds in a given part of the 
sky at intervals of a few minutes. Clouds of all kinds, cirrus, stratus, 
enmolas, whatever they may he, can he recorded with certainty if a little 
eare and trouble is spent over the development of the negatives and prepara- 
tion of the prints. 

Clouds of course suggest rain and snow, and we hope to receive photo- 
graphs showing the results of abnormal rains, such as these two records of 
floods at Bristol, heavy snow drifts, and even the forms of snow crystals 
themselves. The two slides of snow crystals I show were taken under such 
conditions that the image on the slide is the same size as the original snow 
flake. Even glaciers supply an object of great meteorological interest; for 
it would be most useful to have a series of pictures from a given point of 
view, showing the changes in the volume of a given ice-stream from year to 
year, and the alterations iu the position of its end. 

Among the photographs I have the pleasure of showing upon the screen 
you may notice one of a part of a solar halo. The original of this was quite 
invisible to the naked eye, being lost in the dazzling glare of the silvery grey 
sky. 

Hoar frost gives innumerable beautiful objects well worthy of the camera 
from an artistic poiut of view, and well worthy of attention from the meteo- 
rologist. The photographs on the screen show plainly enough the way in 
which the crystals arrange themselves around the foliage of a plant, fringing 
the leaves, forming tassels upon thorns, and generally gathering most thickly 
cm the smallest objects. Many of these things are still unexplained. 

But perhaps the most interesting of all Meteorological Photographs are 
those of lightning. Here again there are many problems to be solved. We 
have in the possession of the Society a very fine collection of photographs 
of lightning, and it is indeed these pictures which have demonstrated how 
desirable it is to have many more. The black flashes I think I have ex- 
plained. Nevertheless, I should like to see two photographs of the same 
flash, one black and the other white. The unsolved problems are to be found 
in the forms of lightning. Most of us are familiar with the broad ribbon-like 
flashes shown in some photographs, and with the narrow ribbons shown in 
others. These have been explained as due to a movement of the camera 
during the existence of a flacdi ; probably many of them are, but I do not feel 
satisfied that all of them must be so explained.' 

A few photographs of electric sparks which I throw on the screen will 
justify this position. Sparks under given conditions tend to repeat the samo 
form again and again, so that there seems no necessity for supposing a series 
of flashes should not follow similar-shaped, but not identical, paths. Again, 
under suitable conditions, electric discharges take the form of bright rosy pink 
or red discharges, each of which consists of some bright sparks, linked 
together by the pink or red and much less luminous discharge. These pink 
sparks, as I may be allowed to call them, seem to me to be the precipe 
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analogue to some of the flashes of Ughtning which yield hroad rihbon photo- 
graphs, multiple flashes, and such pictures as Dr. Hoflert's well-known pho- 
tograph. 

WeU, Sir, I feel that I have only given a most meagre outline of a very 
large subject, but I hope that outline will be enough to explain what the 
British Association Committee on Meteorological Photography aims at. The 
success which may attend its labours depends almost entirely upon the assis- 
tance of others ; but if the Fellows of this Society support us as cordially as 
the Council, we are certain to reach some results of real and lasting value. 



ON THE VARIATIONS OF THE RAINFALL AT GHERRA 
POONJEE IN THE KHA8I HILLS, ASSAM. 

By henry F. BLANFORD, F.R.S., F.R.Met.Soc. 

(Plate VI.) 



[Beoeiyed Noyember 10th, 1890.^Bead April 15th, 1891.] 

Chebha Poorjbe, on the southern verge of the Khasi Hills of Assam, over- 
looking the plains of Sylhet, has long been notorious as having a heavier 
rainfall than any other known place on the globe. It has already been 
described at some length by Mr. John Eliot in the Quarterly Journal of the 
Society for January 1882 (Vol. Ym. p. 41) ; but there is one feature 
exhibited by the registers which Mr. Eliot did not specially refer to, viz. the 
apparent falling off of the annual totals of the later as compared with the 
earlier years, and as this is a matter of some interest, and one to which my 
attention has long been directed, I have taken some pains to ascertain the 
circumstances under which the registers were kept in different years, and 
especially the positions of the rain-gauges. Three of the observers who 
contributed to these registers, viz. Dr. (now Sir Joseph D.) Hooker, Dr. (now 
Sir Joseph) Fayrer, and M^'or (now Colonel) H. H. Godwin Austen have 
kindly furnished me with the required information as far as regards their own 
work and that of the late Dr. T. Oldham, and from a fifth, the late Col. 
McCulloch, I obtained similar information for his contributions to the registers 
some time before his death. Moreover I have myself twice visited Cherra 
Pooig'ee, and have therefore some personal acquaintance with the topc^raphy 
of the place and the relative positions of the houses, now for the most part 
in ruins, at which the rain-gauges have been situated at different times. 
These, as far as they are certainly known, are marked on the plan of the 
station as it existed in 1851, which accompanies this paper. (Plate YI.) 
Xn Mr. Eliot's paper (above referred to) is given a table of the monthly 
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and annual rainfall of the station for a few months of 1882, and from 1851 
to 1880,^ with the omission of the years 1855 to 1859, 1862 and 1870, for 
which, as far as I have been able to ascertain, the registers are no longer 
extant. Some other years are also imperfect. In the appendix to my own 
Memoir on the rainfall of India^ the same table is continued up to 1886, and 
in that at the conclusion of the present paper it is corrected and continued 
up to 1888. According to the second of these tables, the mean annual rain- 
fall of Cherra Poonjee is 474 inches ; but if we take the average of only the 1& 
years 1876 to 1888, during which the register has been kept at the missionary 
station (F on the chart, Plate YI.), and where it is still recorded, it amounts 
to only 485 inches ; whereas on the strength of the earlier registers, it was 
formerly given in round figures at 600 inches, and is still sometimes so 
quoted in meteorological treatises and handbooks. As I shall be able to show, 
a part of this discrepancy is undoubtedly due to a change in the site of the 
rain-gauge ; but a portion is also due to the inclusion of the two years 1860 
and 1861, the rainfall of which, according to the returns, reached the enormous 
figures of 700 and upwards of 900 inches respectively. Of the validity of 
these last, for reasons to be given presently, I am extremely sceptical. The 
daily registers of these years have apparently been lost ; at all events I hare 
never been able to procure them ; and on a comparison of the monthly totals 
with those of the more authentic returns, I have but little hesitation in 
rejecting them. But even admitting these registers, the average rainfall of 
the station has been greatly over-estimated, and really but little exceeds 500 
inches. Omitting them, the average of the registers extant up to the end of 
1875 amounts to 468 inches, or up to the end of 1869, 504 inches, which is 
perhaps the most trustworthy. 

The earliest published notice of the Cherra Poonjee rainfall of which I 
have any knowledge, is that for a few months of 1882, by Mr. Cracroft, 
quoted by Dr. Oldham.^ In this there is nothing specially calling for remark, 
and I am unable to say where the rain-gauge was situated. The next notice 
is one by Lieut, (the late Col. Sir Henry) Yule, published in the 18th volume 
of the Journal of the Asiatic Society of Bengal, and this may be quoted at 
length, inasmuch as, while the authority is unquestionable, the quantity 
measured in the month of August 1841 exceeds that of any other single 
month in our existing records, with the sole and very dubious exception of 

1 I have lately aseertained.that, owing to the error of a copyist, the monthly totals 
of the rainfall of 1869 given in the table at page 61 of Mr. £liot*8 paper, and also at 
page 458 of the Appendix to my own memoir on the rainfall of India (Vol. IIL of the 
Indian Met, Memoin), are very erroneoas. Those, however, given in the tables of daily 
rainfall (pages 46 to 50 of Mr. Eliot's paper) are correct. There is no record of that of 
the months January to April of that year, nor for December. The totals of the 
remaining months are :— 

May Jmie July August September October November 

ins. ins. ins. ins. ins. ins. ins. 

104-48 107-20 100-42 128-97 82-70 871 000 

> Qeology of the Khati Hillst Appendix p. vi. 
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July 1861. The writer says : *< It is with some hesitation that I write it, bnt 
the nnexoeptional mode of measurement, and the many times that I have 
seen my friend who registered the iaXL take these remarkable gauges, leave 
me no room to doubt. In the month of August 1841, during five suooessiye 
days, 80 inches of rain in the 24 hours fell at Cherra ; and the total £bJ1 in 
the month of August was 264 inches, or that there may be no mistake, 22 
feet of rain. The gauge was simply a large glass jar having a funnel fitted 
with projecting eaves, and the water was measured morning and evening with 
a cylinder 8 inches in depth, of equal diameter with the funnel." Lieut* 
Yule does not say where the gauge was situated, but there can be little doubt 
that it was at one of the houses of the old and now deserted station, at one 
or another of which all the registers were kept up to the end of 1875. 

A cursory notice of the rainfall of 1849 and 1850 is given in Dr. Hooker's 
Himalayan JoumdU (Vol. 11. p. 282). The writer says : *^ Dr. Thomson and 
I recorded 80 inches in one day and night, and during the seven months of 
our stay 500 inches fell, so that the total annual £&11 perhaps greatly exceeded 
600 inches or 50 feet, which has been registered in succeeding years. From 
April 1849 to April 1860, 502 inches (42 feet) fell." He further remarks : 
** At the Cherra station the distribution of the rain is very local, my gauges, 
though registering the same amount when placed beside a good one in the 
station, when removed half-a-mile received a widely different quantity, though 
the different gauges gave nearly the same amount at the end of the whole 
month.*' The house occupied by Drs. Hooker and Thomson was that marked 
A on the chart.^ Sir Joseph informs me that his own register was very 
imperfect, owing to his frequent absence from the station, but that a regular 
register was kept at the same time and for some years previously by Dr. 
Mann, the Civil Surgeon, at the house marked B on the chart, the same that 
was afterwards occupied by Dr. Fayrer. This register unfortunately appears 
to have been lost. It was not among the records of the Calcutta Medical 
Office communicated to me some years since. It is not quoted by Dr. Oldham, 
and I have been unable to learn whether any copy of it exists elsewhere. 

The register of the rainfall of 1851 and the greater part of 1852 is given 
in the Appendix to Dr. T. Oldham's Report on the Geology of the Khan HUUf 
from which also is copied the chart that illustrates this paper. That of 1851 
was registered partly by himself at the house marked C, partly by Dr. 
Fayrer at the house marked B,' and amounted to a total of 551*16 inches. 
That of the rainy season of 1852 was registered by Dr. Oldham at the bouse 
marked D, and that of the earlier and later months by Dr. Fletcher, the site 
of whose house I do not know.' It amounted to 449*68 inches, "^th 
respect to the variation of the rainfall within short distances. Dr. Oldham's 
remarks confirm those of Sir J. Hooker abready quoted. He says : *< It may 



^ For this identification I am indebted to Sir Joseph Hooker and General Cave. 
9 Identified by Sir Joseph Fayrer and General Caye. 

8 If , as is likely, he ooonpied the house vacated by his offioial predecessor, it would 
be that marked B. 
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be desirable to notice the extremely local distribation of mnch of the rain, 
even within each limited distances as a few hondred yards. A striking 
instance of this occurred to myself on the 12th October. Aboat 4 o'clock on 
the afternoon of that day, I was geologising at aboat a quarter of a mile from 
the place where my rain-gauge was placed, mist and driving cloud passed 
over me with a few drops of rain, and continued for about 40 mianteSi but 
scarcely sufficient to wet the light clothes I wore, and not at all su^ as to 
compel me to return home ; on my return, I was greatly surprised to find 
that during the same time more than half an inch of rain was indicated by 
the gauge. At first I doubted the accuracy of this, I fancied that some 
accident or design had led to this result, but on the most ample and strict 
inquiry, I found it was not so ; and that the rain, not more than 500 yards 
from where I had experienced only a driving mist, had come down in 
torrents." And again, '* It is perfectly well known to the residents at the 
station, that some of the houses are more affected by the mist and cloud 
from the valleys than others, and especially those which are near to the deep 
valley to the east of the station. Dr. Fayrer's gauge was nearer to this 
valley than mine (see the map) ; about half way. Thus the return for 
September from Dr. Fayrer*s table was 70*80 inches, while we had only 
66*64 inches. In July Dr. Fayrer's return gave 100*85 ; ours gave only 
96-28."^ 

The returns from November 1852 to December 1854 are taken from a 
register received by the late Baron Hermann v. Schlagintweit from the 
Medical Office in Calcutta. It was doubtless kept by the medical officer of 
the station, probably Dr. Fletcher, and nothing is stated of the position of 
the gauge. The totals were 524*5 inches in 1858, and 552*58 inches in 
1854. 

The registers from 1855 to 1859, if ever recorded, have been lost, but 
some years ago, when all the rainfall returns then extant in the office of the 
Surgeon-General of Bengal were handed over to the Meteorological Office, 
they included the two remarkable registers of 1860 and 1861 ahready referred 
to, and a very imperfect register for 1862. Of the circumstances under 
which these were kept nothing is known, but there can be little doubt that 
the rain-gauges were throughout in some part of the old, and now nearly 
abandoned, station. They give a far higher rainfall than those of any other 
years in the table ; that of 1860, deficient for the whole of November and 
December (which, however, are generally rainless months), amounting to 700 
inches, and that of 1861, although wanting the month of March (which is 
scarcely ever rainless), the enormous fall of 905*12 inches, of whidi 886*14 
inches are returned for the month of July alone. Inasmuch as this last 
exceeds by more than 100 inches the enormous fall of August 1841 (authen- 

1 The 0auge used by Dr. Oldham is that known as Fleming's gauge, consisting o! a 
^lindrloal tube 8 It. long, with a float carrying a graduated rod. It was placed in 
the centre of a small raised plot in front of the house, at an elevation to the top of the 
faunel of 3 feet 4 inches. 
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ticated by Lient. Tale), it might, standing by itself, raise some doubt of its 
authenticity, and since in no less than seyen months of the three years^ the 
monthly totals exceed the highest recorded in the corresponding months of 
any other year, and some others are but slightly surpassed in other years, I 
ihmk there can be but little hesitation in rejecting the whole of these registers. 
I feel the more justified in this conclusion, that on comparing these Gherra 
Poozyee records with those of Sylhet for the same years, I find that the latter 
exhibit no similar anomalies, except perhaps in April and liay 1860 ; and 
since Sylhet is situated near the foot of the Ehasi Hills, little more than 20 
miles distant from Gherra Pooi^'ee, it might certainly be expected to share such 
remarkable rainfalls as those of the years now under consideration at Gherra. 

I have been unable to ascertain the authority for the rainfsdl of 1808. I 
believe, however, that like that of the following years up to 1869 inclusive, it 
was received from officers of the Survey Department, who, at all events from 
1864, were engaged in the survey of these and the adjacent hills. Gol. H. H. 
Godwin Austen, who had charge of the party from 1866 to 1869, informs me 
that in 1864 the record was kept by Mr. N. A. Bellety, in 1865 by Gapt. B. 
y. Riddell, B.E., and from 1866 to 1869 by himself personally or under his 
supervision. In the last three years the gauge was at the house marked B, 
and in 1866 and 1866 at that marked G in the chart. For some portions of 
these years Gol. Godwin Austen furnished also a complete meteorological 
register, the only one, except that of Dr. Oldham, that we possess for Gherra 
Poonjee. This has been noticed by Mr. Eliot in the paper above referred to 
in this Journal. 

In 1868, Gherra had been abandoned as a military station, and the only 
occupants left were the officers of the Survey party, Gol. McGulloch, a retired 
officer in the Political Department, with one or two other private residents, 
and the missionaries, whose establishment lay a mile further to the north- 
west. At the end of 1869, it was vacated also by the Survey party, and for 
1870 there is no register. In 1871, Gol. McGulloch (the son of the weU- 
known author of the Geographical Dictionary) volunteered his services to the 
Meteorological Department, and from that year to March 1876, when he 
removed to Shillong, he kept a regular register at the house in which he lived 
and which is that marked E on the chart. On leaving the station he made 
over the rain-gauge to the missionaries, who have since kept the register at 
the house marked F. 

Thus we see that up to March 1876 all the registers, as far as can be 
ascertained, were kept at one or the other of the little group of houses 
immediately surrounding the church on the south, all lying within an ana 
measuring less than half-a-mile from east to west, and less than a quarter of 
a mile from north to south. Indeed most of those given in the table, up to 
1869 inclusive, were probably recorded at the house B on the chart ; and all 
from 1871 to March 1876 at the house E. From April 1876 up to the 
present time the rain-gauge has been at F, a mile farther to the north-wesi 

^ In October 1860, April, May and Jaly 186 1« and Janoaiy, Febmazy and March 1869. 
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Now on tabulating the rainfall separately for these three sites and periods, 
we find the following variations of the annual averages. 

Ins. Ins. 

Up to 1869, 8 to 18 years, chiefly at B 608*92 probable error ±19 

1871 „ 1876, 6i „ at E 882-98 „ ±24 

1876 „ 1888, 12} „ at F .485-22 „ ±12 

The periods are evidently insufficient to afford more than a very rough 
i^proximation to true averages, but at the same time the discrepancies are 
too great to be accounted for by the ordinary non-periodic vicissitudes of 
the rainfall. It is true that the year 1878, which is included in the E 
registers, was one of remarkably low rainfall in the province of Assam 
generally, as well as in many other parts of India, indeed the driest on 
record ; the mean rainfall of the province having been 19 per cent, below 
the general average, and that of Bengal 81 per cent, below it. But that of 
1871 was of average amount, and that of the other three years from 4 to 6 
per cent, in excess, so that had the rainfall of Cherra Pooi^ee varied with 
that of the province generally, the mean of the five years would not be much 
more than 1 per cent, below the general average. A comparison with the 
registers of Bylhet and Shillong, the former, as already mentioned, 20 miles 
to the south, the latter 80 miles to the north of Cherra, leads to a similar 
result. This is shown by the following table, as far as the existing records 
admit of : — 

Sylhet. Shillong. 

. Period. Mean. Mean var. Per cent. Mean. Mean var. Per oent. 

ins. ins. ins. ins. 

Up to 1869 ... 145-07 -12-26 -7-8 ? ? ? 

1871 „ 1876 ... 159-26 + 1-98 +1-2 81-18 -2-57 -8-1 

1876 „ 1888 ... 168-20 + 5-87 +8-7 84-85 +1-10 +1-8 

According to this table, the first period up to 1869 was one of very low 

average rainfaU at Sylhet, but I do not think this result can be implicitly 

relied on, because during the greater part of this period there was no proper 

supervision of the registers, and some of the rain-gauges in use may have 

been defective. For the two latter periods the results are more trustworthy, 

and they show that both at Sylhet and Shilloug the mean of the years 1871 

to 1875 was between 4 and 5 per cent, lower than that of the years 1876 to 
1888, the mean of the two stations in the former period about 1 per cent. 

below the general average. So far therefore the great deficiency of the E 

registers at Cherra Poozgee remains unaccounted for. 

Nor do I know of anything in the local circumstances that will help to 

explain it. The rain-gauges in use at Cherra after 1870 were furnished from 

my own office in Calcutta, and Col. McCulloch, though not experienced as a 

physicist, was a man of more than average intellect, and too conscientious 

an observer to allow of any suspicion of neglect of his registers, though it is 

possible that he may have been unaware of some unrecognised source of 

error. There is no such difference in the position of the houses B and E as 
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to load one to anticipate a great difference in the aTerages 6f the local rain- 
falls. Col. McCulloch's house E is bat a furlong to the north of the hoiue 
B occupied bj Dr. Fayrer (probably Dr. Fletcher) and CoL Godwin Austen. 
It is nearer the margin of the plateau, and according to Dr. Oldham the 
nearer this was approached, the heavier was the rain&ll. Col. Godwin 
Austen testifies to the same effect. Nevertheless, I cannot bnt consider that 
from some unexplained cause the amounts shown by the £ registers were con- 
siderably below the real values. 

On the other hand, the difference of the average rainfall at the missionarieB' 
station F and the houses B, C, &c. is only such as might be expected from 
the position of the former, a mile to the north-west of the latter, and 
screened by a range of hills from the south-west. On this point Col. 
Godwin Austen writes : '* The rainfall was much less towards the native 
village (half a mile to the north-west of the missionary station), and it was 
often clear there when raining or dense mist over the plateau." 

The final conclusion then at which I arrive as the result of this inquiry is 
that the rainfall varies very greatly in different parts of the little plateau on 
which the station of Cherra Poonjee is situated, and the form and position of 
which are shown on the map that accompanies Mr. Eliot's paper in the 8th 
volume of the Society's Journal. The average annual fall of the old station 
around the church is probably a little over 600 inches, being perhaps 5 per 
cent, greater near the eastern margin of the plateau than at houses about 
8 furlongs distant from it. At the missionary station, a mile to the north- 
west, it is about 70 inches less, and on the other hand it is quite probable 
that it may be considerably higher farther to the south in the direction of 
the Mausmai precipice ; but there is at present no evidence that the average 
of any part of the plateau is so high as 600 inches, though it may amount to 
as much in certain wet years. 

It is very desirable that farther registers be obtained from some of the old 
sites, or from some still more southerly portion of the plateau, and now that 
some houses in this direction are occupied by officers connected with the 
iuclined tramway that leads from Cherra to the foot of the hills, this may 
perhaps be practicable. I understand from Mr. Eliot that he hopes to b^ 
able to do this, when the results of the present inquiry are communicated 
him. 

The following is a table of the monthly rainfall of Cherra, compiled fro: 
such registers as have been preserved, corrected up to the end of 1888. 
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DISCUSSION. 

Mr. Tripp said that the Society was indebted to the author for bringing for- 
ward the subject, but unfortunately the paper was not complete as to existing 
records, as neither the figures for 1860-61 contained in Mr. Eliot's paper, 
Quarterly Jonrnal^ Vol VIII., p. 41, also in the author's Indian Meteorological 
Memoirs^ nor those for March to December 1859, giving a total of 618'46 ins., pub- 
lished by Mr. Glaisher for the Indian Army Medical Department, were included. 
Ho thought that these should have been included, with a warning, if necessary, 
that the reliability was doubted by the author. The paper was interesting, as 
leading to a discussion of the groimds on which records may or may not be 
accepted. It is a very difficult task to prove that records are wrong after they 
are taken. Meteorology may be called a science of surprises, and records should 
not be lightly rejected. The existing records for 1860-61 were condemned by 
the author as incorrect on the ground of their extraordinary height. It is not 
quite clear whether this is the only objection to them»at all events they were 
greatly borne out by surrounding records. He (Mr. Tripp) had examined the 
records of all stations given in Indian Meteorological Memoirs, Vol. III., East of 
the 88th meridian and North of the 22nd parallel, with the following result : — 

First, 1860, 10 out of 17 contiguous stations above mean, and 12 the wettest 
recorded. 

Second, 1861, 15 out of 18 contiguous stations above mean, and 4 the wettest 
recorded. 

Third, 1878, the driest year at Cherra Poonjee, below mean at 18 out of 19 con- 
tiguous stations, and at 6 was the driest recorded, being above the mean at one 
only. This proved the general agreement of records at Cherra Poonjee and con- 
tiguous stations. The records for 1860-61 are known to be very generally wanting 
in Indian records. From the diagrams which he (Mr. Tripp) had made it appeared 
that there was nothing abnormal in the rainfall for 1860, except that all the 
months were above the mean. The total was about 700 ins. In 1861 all the 
months except August were all above the mean, the most extraordinary 
feature being that the fall for July was about 200 ins. above the figure at which, 
judging firom the usual form of the diagrams of the other stations, it shoiild stand. 
There was nothing like it at any contiguous station, although July is in many 
cases the wettest month. The total for the year was about 905 ins. Was there 
anything in the original records to indicate that July should be 186 ins. instead of 
386 ins., or some 200 ins. lower ? If, however, a mean of about 600 ins. \b 
admitted, considerable variations above and below that figure must be looked 
for. Unfortunatclv, there is no other station with nearly the same amount of 
rainfall with whicli to compare Cherra Poonjee. Stations, however, in exposed 
situations as seaports, and mountains as St. Bernard, have usually tiie greatest 
variation. Out of some 70 stations recently analysed, some 10 gave over 187 per 
cent., the mean being 100, the mean of uie 10 maxima being 116, and of the 
minima 51. This would give for Cherra Poonjee, maximum 1,080, mean 500, 
and minimun 255. 

Taking 4 Indian records included in the above 70 with the highest variations 
the means are 179, 100, and 45, gi\'ing for Cherra Poonjee 895, 500 and 225. Even 
the ordinary figures of 1 J times the mean would give the mean 750. There is 
consequently nothing improbable in a maximum of over 990 ins. with a mean 
of 500. 
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Some Remarkable Features in the Winter of 1890-91. 

By FREDERICK J. BRODIE, F.R.Met.Soc. 



[Beceived March 18th.— Bead April 15th, 1891.] 

The details relating to the long frost which prevailed over England daring the 
earlier half of last winter were so folly and so ably dealt with in a paper read 
before the Society at the February Meeting that I propose saying very little on 
the present occasion aboat the temperatare of the season. There are, however, 
one or two points of interest which seem to demand some slight passing 
notice. It is, for example, not a little remarkable that a winter which opened 
with so severe and prolonged a frost should have ended with a short spell of 
nnasoal warmth, the temperatures registered at the close of February being, in 
many parts of the country, quite exceptional for the time of year. Maxi- 
mum readings exceeding 60° were of common occurrence over the entire 
Kingdom, and in many parts of England the thermometer on February 27th 
and 28th rose above 65°. The night readings were at the same time con- 
siderably below the freezing point, and the daily nmge of temperature was 
therefore excessively large, the difference between the maximum and mini- 
mum readings being in many instances as much as 40°. Taken in conjunc- 
tion with a still longer period of mild weather which prevailed during the 
close of January and the beginning of February, the unusual warmth expe- 
rienced at the close of the season had a very perceptible effect in raising the 
mean temperature of the winter, so that when we come to sum up the results 
for the whole period we find that in many parts of England the winter of 
1890-91 — severe though it was — ^was decidedly less cold than that of 
1878-79. 

The peculiarities in temperature observed during the period were, however, 
by no means the only features of interest in a very remarkable season. A 
eold winter is usually, though not invariably, brought about by an undue 
prevalence of anticyclonic conditions, and there was no season within recent 
years in which this characteristic was more strongly marked than in that of 
1890-91. 

Daring the frost which lasted from the close of November to about January 
21st or 22nd, the weather over England was affected mainly by a huge anti- 
cyclonic system which extended over the Continent from Russia. Occasionally 
in the rear of '' V-shaped " depressions, which advanced over the west coasts 
of our Islands, smaller anticyclones drifted across the United Kingdom from 
the westward or north-westward, the systems ultimately becoming united 
with the European high-pressure area. In February the Russian anticyclone 
gave way, but a new one advanced over France and Germany from the south- 
westward, and as the borders of this system extended northwards over a con- 
siderable portion of our Islands, the conditions over England remained, for 



156 BBODIE — SOME RIMABKABLE FBATUBSS IN THB WIMTBB QT 1890-01. 

the most part, under the influence of high harometer readings. As a result 
of the very marked persistence of anticyclonic weather it appears that the 
mean pressure over the British Isles was above the average in all three of the 
winter months. In December 1890 the excess was slight in the southern parts 
of the United Kingdom, but large (0*8 in. or more) in the north and east of 
Scotland. In January 1891 the difference from the mean amounted to be- 
tween 0*10 and 0*15 in. over Great Britain, but to 0*20 in. in the south of 
Ireland. The most remarkable difference was, however, in February, when 
the mean pressure over the United Kingdom was from 0*8 to 0*5 in. above 
the average in all districts, the greatest excess being found over England and 
the east of Ireland. At Kew Observatory, the continuous records for which 
have been kindly placed at my disposal by the Meteorological GonneO, the 
mean pressure for February, derived from the hourly readings of the barograph, 
was no less than 80*474 ins. or 0*479 in. in excess of the average for the 20 
years 1871-90, and 0*087 in. higher than in any month of the same extended 
period. 

A comparison between the conditions which prevailed last winter, and the 
average barometrical pressure over the United Kingdom, may readily be insti- 
tuted from Maps 1 and 2 (p. 158), Map 1 showing the mean pressure for the 
whole of the season 1890-91, and Map 2 the average pressure as deduced from 
the 15 years* observations 1871-85. The values are in all cases derived from 
observations taken at 8 a.m. As regards the general distribution, it will be seen 
that over the northern parts of our Islands there was no material difference 
between the actual state of affairs experienced last winter and its average. 
Over England, however, we see that in place of a moderate south-westerly 
gradient there was a decided anticyclonic area, and a ready explanation is 
therefore afforded of the marked difference which existed between the weather 
over our northern districts and that experienced over the eastern, central, and 
southern counties. Turning, however, from an examination of the geneFal 
distribution of pressure to the actual values, we find a wide difference between 
the two maps, the lowest isobar in Map 1 being of a higher value than any line 
shown on Map 2. Taking the winter as a whole the mean pressure was, in 
fact, from 0*25 to 0*80 in. above the average. 

The excessive height of the barometer, as experienced over the south-east 
of England, is illustrated very clearly by Table I., which has been compiled 
from the Kew Becords. The table gives for each of the 21 winters 1870-71 
to 1890-91, firstly, the mean pressure ; secondly, the highest reading observed 
during the season ; and finally, the extreme range. The values have in all 
cases been reduced to the mean sea level. 

The table shows that at Kew the mean pressure of the entire winter waa 
nearly a quarter of an inch above the average, the only season at all approaching 
so high a mean being that of 1881-82, when the value was 0*018 is. 
lower than in 1890-91. The absolute maximum pressure (80*74 ins.) 
agreed fairly well with the average, and it may here be noticed that over Eng- 
land the barometer did not rise so high last winter as in the wostem parts of 
the Kingdom. Over Ireland the readings on January 14th were nearly all 
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TABLE I. 

BlBOMBTBIGAL FbXSBUBB AT THB EsW ObSEBVATOBY DUBINO EACH WlKTEB FBO&I 187O-7I 

TO 1890-91. 
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above 80*8 ins. and at Belmollet the barometer rose to 80*97 ins. The abso- 
lute minimum observed during the winter at Eew (29*28 ins.) was, however, 
greatly in excess of the average, there being only four winters of the previous 
20 in which the barometer failed to go below 29*0 ins. In 1887-88 the abso- 
lute minimum was 29*25 ins., or a trifle higher than that of last winter. 
Owing to the absence of any very low readings the extreme range at Eew was 
very small, the actual value, 1*51 in., being about four- tenths of an inch short 
of the average. In 1875-76 the range was equally small, and in 1887-88 it 
was even a trifle smaller, but in every other winter of the past 20 years it was 
eonsiderably greater, the highest value of all being in 1886-87> when, incon- 
sequence of a very low reading on December 9th, the extreme range amounted 
to no less than 2*45 ins. 

The effect of so constant a prevalence of anticyclonic conditions upon tem- 
perature has been dealt with in Mr. C. Harding's paper, to which I have already 
referred. Its influence upon the winds, the weather, and the rainfall of the winter 
were no less marked, and are deserving of special notice. Firstly, as regards 
the wind, we find that over the United Kingdom generally the winter was 
unusually quiet. Even in the extreme west and north , where the weather was 
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B OF 1890-91. ISd 

Sneneed from time to lime by low preBaore ayateme whicli advanced from 
i Atlantic, the gales experienced were neither freqnent nor acTcre, while over 
igland there was an almost entire absence of the ordinal winter storma. 
Table n., which has been compiled from observations given in tbe Daily 
'tather Export, gives for the paat Beason, and alao for the previous 20 
otera, the pereentage of wind experienced in London from each of the eight 
indpal points of tbe compass, and also the percentage of calms, together 
th the nomber of galea and severe galea recorded. The defioitioD of a gale 
s been taken to mean a wind blovring with at least force S of tbe Bcaofort 
ale, and of a severe gale, as a wind of force 10 or more, the latter occa- 
infl being, of course, included in the former. Althoogb prepared for the 
itropolia only, there can be Uttlo doubt that tbe figures represent with 
erable accuracy the conditions which prevailed over the Midlands and tbe 
and parts of onr south-eastern counties generally. 
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The inflaenco of repeated anticjclonic weather during last winter is shown 
very forcibly in the last column of the table, and especiallj by the very high 
percentage of calms in London, the actual value (22 per eent.) being more 
than double the average, and considerably higher than in any other winter of 
the past 20 years. The number of gales experienced in the Metropolis was 
only 2 as against an average of 7, and of severe gales there were absolutely 
none. The weather over this part of the country was, in foot, less stormy than 
any we have had since the winter of 1875-76> when the number of gales was 
equally small. In the seasons both of 1876-77 and of 1884-85 there were in 
London six times as many gales as there were in 1890-91. The prevalence of 
calm weather is, however, not the only interesting feature shown in the table. 
From an examination of the proportion of winds experienced from various points 
of the compass we see that in comparison with the average there was a very 
large falling off in the percentage of winds from between South and West, and a 
decided increase in the percenl^e of winds from between North and East. 
Taking the points from between South-east and West as representing the 
equatorial, or mild winds, we find that the total percentage during last winter 
was only 88, the average for the previous 20 seasons being 61. Taking, on 
the other hand, the points between North-west and East, as representing ihe 
polar or cold winds, we find that the total percentage was 40, or 10 more than 
the average for the previous 20 years. Sunmiing up, therefore, the state of 
the wind as experienced last winter in London, we find that when it was not 
absolutely calm, there was an undue prevalence of breezes from some cold 
quarter. The percentage of winds from the Southward did not amount to 
one half of the average. 

The anticydonic conditions which prevailed over England so constantly 
throughout the winter were accompanied, as one would naturally expect, by fre- 
quent fogs, more particularly over the inland districts, and most especially of aD 
in the neighbourhood of London, where the gloominess of the weather caused 
many ebullitions of temper. Li matters relating to the weather publio 
opinion more often than not goes widely astray, but in ascribing to the 
past winter the character of being one of the foggiest ever experienced, the 
popular voice was singularly accurate, as the following figures will show. 
Table in. gives for the whole of the past 20 winters the number of days on 
which fog was reported in the metropolis, together with the average for tlie 
entire period, and the actual number experienced in 1890-91. It should be 
remarked that in preparing the table no account has been taken either of the 
density or length of duration of the fog. 

It will be seen that not only was the prevalence of foggy weather in London 
greater last winter than in any of the previous 20 seasons, but that it 
amounted to no less than twice the average. The nearest approach to so 
foggy a winter was in 1879-80, when the number of days was 48, or b6T6D 
less than that recorded during the period under discussion. In no other 
season was the number anything like so great as it was last winter, and in 
three of the seasons quoted the amount of fog was less than one quarter of 
that experienced in 1890-91. By grouping the 20 seasons given in th^ 
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above table into lustra, an interesting result is brought to light. In the first 
Instnim the mean number of days of fog was only 19, but in the second 
it had increased to 24, in the third to 26, and in the fourth to 81. The 
growth of fog in London within recent years is therefore not merely a matter 
of speculation but one of dry fact. 

The precipitation which occurred over England, and of which we shall have 
oecasion to speak more fully later on, was largely in the form of snow, and 
in London the number of days on which this was recorded amounted to 22, 
the average number for the previous 20 winters being only 12. 

As regards the prevalence of bright sunshine, it appears that while Decem- 
ber was upon the whole a gloomy month, January and February had con- 
siderably more than their average amount, the last mentioned month being 
especially sunny at the coast stations. At Jersey the percentage of the pos- 
sible duration amounted in February to no less than 60, which is probably 
{he highest record for a winter month. The last week in Jersey gave even 89 
per cent. In the more central parts of London December was absolutely 
sunless, and even at Greenwich the total amount registered was only 2^ 
hoars. In January and February, however, a vast improvement in the 
weather took place, so that when we come to consider the winter as a whole, 
we find that at Greenwich the number of hours of bright sunshine recorded 
was considerably in excess of the average for the previous 14 years. 

In dealing with the remaining element in the weather of the past winter, 
via. the question of rainfall, one is fettered to a great extent by the exigences 
of time and space. A separate paper, and a fairly lengthy one too, might 
easily have been prepared on this subject alone, but as there seemed to be 
no prospect of the question being adequately discussed, I have resolved to 
devote to it at least a superficial notice. In December the aggregate amount 
of rain was less than an inch in all parts of England, with the exception of 
the south-western and extreme northern counties, as well as in many of the 
central parts of Scotland, while in isolated parts of the same localities it 
amounted to less than half an inch. The amount was in fact considerably less 
than the average in all districts excepting the south coasts of Devon and 
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Cornwall, where, owing to heavy falls which occorred on the 5th and 18ih, 
there was no great divergence from the normal. In January the rainfall was 
far more abundant than in December, but the amount over the country generally 
was again much less than the average, the deficiency being most marked in the 
south-east of Scotland and the north-east of England. At Leith the January rain- 
fall was only 0*84 in. , or about one sixth of the normal. The absence of rain in 
the months of December and January was, however, quite insignificant as com- 
pared with the remarkable drought of February. Over nearly the whole of 
England the total amount of rain in the last-mentioned period was less than 
a tenth of an inch, the only districts in which this quantity was exceeded 
being small and isolated portions of our north-eastern, eastern, and south- 
eastern counties (and even in those localities the aggregate fall was made up 
largely of water yielded by dew and fog), and the counties of Cumberland, 
Westmoreland, and Lancashire, where an appreciable quantity of genuine 
rain fell during the early part of the month. In the neighbourhood of Dublin 
also the total amount was as small as it was over the greater part of Eng- 
land, but further to the westward, as well as in Wales and the eastern parts 
of Scotland, it increased to between one tenth and one half of an inch, while 
in the north of Scotland, it was in excess of the average. Taking the United 
Kingdom as a whole the month was in all probability the driest February ever 
experienced, and in many parts of England it was also the driest month on 
record, the aggregate fall in some places being absolutely nil. Had the rain- 
fall of February been of a fairly average character, the winter, as experienced 
over England, would still have been a dry one, but the drought of the latter 
part of the season served to render it one of the driest, if not the very driest, 
of which we have any record. 

The marked deficiency of rain which prevailed during the winter is shown 
very clearly in Map B, which gives in percentage form the difference between 
the amount recorded in 1890-91 and the average of the 20 years 1866-85. 
The information contained on the Map is compiled solely from the 75 stations 
given in the Weekly Weather lleport of the Meteorological Office, and presents 
ns therefore with no more than a general view of the actual conditions. It is 
quito possible that an hen roports are received from a large number of stntions, 
such a» are included in Mr. Svmc»iis's splendid orgunisatiou, some of tho 
features shown in ihr mui» nmy bo pliglitly modified, but il is not likely that 
the general oomlilion of thin^> will }»e inateriully altered. 

Map 8 shows, fin^t of all, tlmt over by fur the greater part of England and 
Wales, with the eastern half of Ireland, and the eastern, central, and southern 
parts of Scotland, the aggregate rainfall of the wintcT was less than half the 
average, the only English locaUties in which this proportion was exceeded being 
the south-western and extreme southern coasts. In portions of Lancashire, oar 
north-eastern counties and the central parts of Scotland, the amount was less 
than 80 per cent, of the average, the smallest aggregate of which I have at 
present any knowledge being at Blackpool, where the winter rains did not amount 
to more than one fourth of the normal. On the south and south-west coasts of 
Jingland, the western half of Ii-elaud, and portions of central and north- 
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eastern Scotland, the proportion varied between SO and 70 per eeot. vi Ou 
average, while in the north of Scotland (thoDgh not in the Bhetlaiids and 
HobridoB) the percentage ranged between 70 and 90. In London the wintn 
was not quite so dr; as that of 1878-74, bnt there can be little doabt that, 
taking England as a whole, it was the driest we have had for many years past 
Some of the more diatinctive featnros in the London rainfall of laat winter 
as compared with that experienced In the seasons of previous years are ffvm 
in Table IV., which has been compiled firom the observations given in the 
Daiti/ Weathar JRsport. The table shows not only the aotnal amonnt of nin 
in each winter, the number of rainy days, and the maximnm fikll in 24 hoars, 
bnt, in order to see how the run fell, I have picked ont the number of days 
on which the &11 exceeded 1-0 in., 0-6. in. or 0-2S in. We are therefore 
enabled to see whether the wetness of any partjenlar season was doe to 
one or two excessively large falls, to a moderate niunber of smaller ones, or to 
a lai^er number of slUl smaller amounts. 

TABLE IT. 
BunriUi nt Loinxnt cmmia bach Wncns, waim 1870-71 to 1890-gi. 



h: t 



InsJlni. Ins. las. Ins. lua. Ins. la: 

ToUl Hoinfiill 6'i6'5-63 8'ii I'jo fill 3-90 12-30 3"* 

Nmnbet-ol Rainy Dbjb I 55 I 53 , 54. I 31 ' 45 47 6S 

GreateBt Fall in 14 honre ..'o'sS 0-50; ofi' - 
No.ol FaUsexcccding i---~ ' 



o'5o II 



Total BaiDhll 

Humbei of Rain; Days . 
QreatsBt Fall id 24 hours 
No. oF Falls excdnt;. i-ooii 



Ina.! Ins.. Ids. Ins.' Ins. Ins. Ids.' Ins. Ii 
5-127-17 j-63,6-o8 s'28 6-56 3'56 4-34 47^ 
3^ , 56 I 40 ' 50 42 I 39 37 I 45 ' 
o-6oo'63 0-40 0*58 o'36j i'8j o>33 0-51 



The table shows, first of all, that in London Uie aggregate tsinfitU of bit 
winter was the smallest recorded since 1878-74, while the number of raioj 
days was less than in any of the previous 20 winters. In the very wet winUr 
of 1876-77 the total rainhU was nearly five times as muofa as it was bit 
season, while the number of rainy days was more than twice as large. Ite 
maiimnm nunfall in any one day (registered last winter on Jaaoary 80tli) mi 
also smaller than in any of the previons 20 seasons. The entire abaenea d 
any daily falls exceeding I'O in. and O'SO in. baa hada parallel in more thin 
one rocout winter, bnt there has boon no instance since 1879-80 of so bhuH 
a number of days with a rainfall exceeding only 0*25 in. 
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It mast not be forgotten, howeyer, that the deficiency of rain was by no 
means confined to the winter months. With the exception of the extreme 
northern and north-western portions of the Kingdom, where heavy rains fell 
during October and November, the antamn of last year was also nnosaally 
dry, iliis being more especially the case over the eastern, central, and southern 
parts of England, where the aggregate amount for the season was in many 
instances less than half the normal. As an illustration of the remarkably dry 
period through which we have recently passed I have prepared another map 
(Map 4), showing again in percentages the difference between the amount 
of rain actually experienced during the six months ending with February 
1891 and the average for a similar period in the 20 years 1866-85. Here, 
again, the values employed are those given in the Weekly Weather Beport^ so 
that the results must be taken only in a general sense. 

When we consider the length of time over which they extend, the results 
shown by the Map 4 are very striking. Over nearly all the midland and most 
of the southern counties of England the rainfall of the entire six months 
amounted to less than half the average, the lowest percentages of all being 42 at 
Strathfield Turgiss, 48 at Oxford, Cambridge, and Hurst Castle, and 44 at Here- 
ford, and in London. Over nearly the whole of the remainder of England and 
Wales, and also in the south-east of Ireland, the aggregate for the six months 
was less than 70 per cent, of the average, while over a considerable part of 
Scotland, with the north of England and the central parts of Ireland, it 
varied between 70 and 90 per cent. In the north-west of Ireland the pro- 
portion of rain was more than 90 per cent., while in the north of Scotland, 
including the Hebrides, it was in excess of the average. In London the 
autumn and winter months were as a whole the driest on record, and a similar 
remark applies to Oxford. In the latter case, the records to which I have 
been able to gain access do not extend further back than 1851, but in the 
former case the comparison has been made with Mr. G. Dines* Tahle of 
BainfaUfor tJie London District, which commences in 1818. 

It will be seen, in conclusion, that, irrespective of the prolonged frost, the 
season under discussion was characterised by numerous features which 
distinguished it from any other winter of recent years. Almost every element 
in the weather was influenced to an abnormal degree by the remarkable 
prevalence of high barometrical pressure, and if we were called upon to define 
the season of 1890-91, we should have little hesitation in giving it the name 
of the ** Anticyclonic " winter. 



DISCUSSION. 

Mr. Bayabd said that Mr. Brodie*8 paper was a very good illustration of the 
generally known fact that high barometric pressure in the winter months gave 
calm weather, fogs, and very little precipitation. He did not quite imderstand how 
Mr. WeJlis had obtained his figures of probable occurrence of a total monthly rain* 
faQ not exceeding 0*25 in. (p. 174), as he did not know it was allowable to add 
together the number of years over which records extended for each station, and 
treat them as an aggregate quantity, which Mr. Wallis appeared to have done in 
compiling hb figures of monthly frequency. For instance, it was stated that a 
rain&dl not exceeding 0*25 in. would probably only occur in the month of Novem- 
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ber once in 728 years, a^statement which might lead one to suppose that rainfiill 
records existed as far back as the year 1168, which it was well known they did 
not. In fact, the longest record quoted by Mr. Wallis did not date earlier than 
1814. 

Mr. Tripp said that he agreed with the remarks of Mr. Bayard as to the table 
referred to by him. As regarded Mr. Brodie's paper, he noticed that M. A. 
Lancaster had stated that a cold winter produced a wet summer. Mr. Stow's 
paper (p. 176) seemed to rather support this, for the winter of 1878-9, which was 
cited as being very severe, was followed by one of the wettest summers on record. 

Mr. M. Jackson said that Februanr was certainly distinguished for lack of 
rainfall, but it was also remarkable ror the prevalence of fog. At Bamsgate, 
where he had observed for 80 years, the average number of foggy days in the year 
was only three, but during last February 12 days of almost continuous fog were 
recorded. The deficiency of rainfall over the country for several monthis past 
was very great. At Tunbridge 2*60 ins. was measured during January, but 
the greater part of this rainfisJl consisted of melted snow, most of which flowed 
into the Biver Medway, causing serious floods, the surface of the ground being 
frozen, and so preventmg any water percolating through the earth. He feared 
many locahties, which depended upon underground water for their supply, would 
sufier considerably from drought during the summer months. 

Mr. G. Hardinq said that he had made a comparison between Tables I. and 
IV., in Mr. Brodie*s paper, and had found that when the barometric pressure 
was below the average the rainfEdl was above the average, the only exceptions 
being 1871-2 and 188^7. He had also examined Hof&neyer's Charts in oraer to 
ascertain whether the same conditions prevailed over the Atlantic when severe 
weather was experienced over the British Isles, but had found that the distribu- 
tion of pressure and general conditions were very dissimilar. For instance, in 
1881, when very intense frost prevailed over our Islands during January, the 
conditions prevailing over the Atlantic were in no way similar to those which 
existed durmg the winter of 1890-91. Begarding the prolonged character of the 
cold weather during the past winter, he believed that, supposing that the months 
of April and May of the present year proved to be of average temperature, the 
mocm temperature of the period, September 1890 to May 1891, would not be so 
low by about 2* as was that of the similar period in 1887-8, the mean of which 
was 42°. A study of the charts issued by the Hydrographic Of&ce of the United 
States shows that the North-east Trade Wind was completely reversed, while in 
a paper recently read before a French Scientific Society it was stated that the 
rainfall during February in Algeria had been exceedingly heavy, so that it had 
not been possible to sow any seeds. There had been less fog than usual in the 
Atlantic during the past winter, but in the British Islands considerably more fog 
had prevailed than was generally experienced. Icebergs, too, had been more 
frequently encountered in the Atlantic recently than was generally the case. 
The distribution of isobars over England did not give any due as to the cause of 
the severe cold experienced during last winter, and it was necessary to greatly 
extend the area of inquiry in order to fully investigate the cause of such severe 
seasons as that described in Mr. Brodie's paper. 

Mr. SouTHALL said that he wished that the period covered by Mr. Brodie's 
paper had been extended, as he considered the months of December, January, 
and Februarv formed a rather arbitrary winter. In the neighbourhood of Boss. 
the drought had now extended over 21 months. He thought it was not possible 
to forecast the character of the coming summer, and showed that the suppositioii. 
that a severe winter was usually followed by a wet summer was incorrect. 

Mr. Brodie, in reply to Mr. Harding, said that from an examination of th^ 
distribution of mean pressure it is clear that the trend of the isobars over 
England during the past winter was distinctly anticyclonic, so that a very ready 
explanation was aflorded of the intense cold which prevailed in that country-. 
Over Ireland and Scotland the isobars had, on the other hand, a distinct cydome 
tendency, and as a matter of fact the frost in those countries was comparatively 
sUght. With regard to Mr. Southall's objection, the months of December to 
February were commonly taken to represent the winter, and if the year were to 
be divided into four seasons of equal length no other definition was possible. A 
long experience had fiilly convinced him that the character of any particular 
season afforded no rehable guide as to the weather which might follow. 
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Mr. Wallis, in reply, said that the figures to which Mr. Bayard took exception 
were qnalified by the expression, ** Accepting the results given by the table," but 
although the 728 years were not consecutive they were the best available, and 
gave a long mean. He believed that though the values could not be considered 
as exact, Siey gave a close approximation to the relative frequency of such a 
small rainfiJl in the different months of the year. 



THE RAINFALL OF FEBRUARY 1891. 

By H. SOWERBY WALLIS, F.R.Met.Soc. 



[Beceived April Ist.— Bead April 15th, 1891.] 

Rainfall being expressed in figures, my paper is essentially a collection of 
tables, and letterpress is needed only to point out their salient features. I 
have put in rather full tables as evidence of the facts, and have made notes of 
what appear to me the most important results. 

I have prepared a Table^ which contains returns from 521 stations, being 
practic&lly all that I could obtain, excepting a few monthly records from 
ganges in Wales and the Lake district, these gauges and the time of observation 
not being sufficiently precise to be of value for the discussion in hand. 

The stations ore arranged from south to north in 'their respective counties, 
and the counties are arranged in the order adopted by the Registrars-General. 
This order is the same as that used in British Rainfall^ and will therefore 
probably be that most familiar to rainfitll observers. 

The 521 stations are for all the calculations of the paper reduced to 515, 
six (marked with on *) being omitted, as they evidently include rain which 
properly belongs to January, but which was entered to the wrong day. Of 
these stations 885 are in England, 82 in Wales, 52 in Scotland, and 46 in 
Ireland. 

Assuming that the average of these stations fairly represents the mean fall 
over the different countries, we have for England an average total for the month 
of only 0*180 in., but if we exclude the Lake District, i.e, Cumberland, West- 
moreland, and North Lancashire, where the fall at several stations exceeded an 
inch, we have a fall over the remainder of the country of only 0*066 in., or 
about one fortieth of the average. 

At 284 stations, or 74 per cent of the whole number, the rainfall did not 
exceed 0*10 in., while at 50, or 18 per cent, of the stations, no rain was 
recorded. 

As regards the distribution over the different counties, the data available 
are set out in Table I. They are however insufficient to give complete in- 
formation, as several counties are represented by only one station, and some 
are not represented at all. 

Those for which we have sufficient data are : — 

Not printed herewith, 
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♦Cheshire 


•182 
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•280 


Lancashire 


•488 


Cumberland 


•726 



Westmoreland 1^001 

The mean for Derby is greatly raised by a large fall in the Peak 
and for Lancashire, by that in the hill district in the north, the mean for the 
southern half of the county being only ^166 in. 

The counties from which no reports exceeding ^10 in. have been reoeiTed 
are Middlesex, Surrey, Hertford, Buckingham, Oxford, Huntingdon, Bed- 
ford, Cambridge, Wilts, Dorset, Somerset, Hereford, Worcester, and Rutland, 
while those from which no station reports so small a &11 as •lO in. are 
Warwick, Cheshire, Cumberland, and Westmoreland. 

By grouping the counties into the divisions adopted by the B^[i8trar-(}enera], 
we get a sufficient number of stations in each to give very reliable means, 
which are given in Table I. and summarised in Table II. 

In this method of comparison Middlesex, as Division I, again carries off the 
palm with its mean rainfall of *004 in., all its stations reporting less t h«^n 
•10 in., and 67 per cent, of them *00 in. Division III., South Midland Gountiee, 
comes next with a mean rainfall of '088 in., 95 per cent, of its stations not 
exceeding '10 in., and 22 per cent, reporting *00 in. These two are the 
only divisions with a mean rainM of less than *05 in. Then follows Division 
IV., Eastern Counties, mean rainfEdl ^054 in.; 87 per cent, of the stations not 
exceeding '10 in., and 11 per cent, reporting '00 in.; Division VI., West 
Midland Counties, mean rainfall '057 in., 88 per cent, of the stations not 
exceeding '10 in., and 10 per cent, of '00 in.; Division II., South Eastern 
Counties, mean rainfall *058 in., 85 per cent, of the stations not exceeding 
*10 in., and 17 per cent, with *00 in.; Division V., South Western Counties, 
moan rainfall '072 in., 70 per cent, of the stations not exceeding '10 in., and 

* For these coanties the number of returns is too small to give a thoroughly relial)le 
mean. 
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TABLE I. 

B COUNTIBS AND DiTIHIOKS, FsBBCtBt iSgi. — CoittitlUtd. 
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XXIII. I. 

Antrim I 

Londondenrj . , . . j 

Donegal 

Division . . , . i 



IJ-ilH 



■388 , 



14 per cent, with '00 in. IThe remaining Divisions all had a mean rain&U 
exceeding *10 in. 

The Welsh retorns are set ont like the English ones in conntieB, bnt oving 
to the pancitj of stations and the very varied phjsiograpb; of the conntry, it 
is nselesB to deal with the connties individnallj. The 82 stations give a mean 
fall of '170 in., 16 stations or 47 per cent, report falls not exceeding *10 in., 
while 2 or 6 per cent, report no rain. It is difficult to form any idea of the 
mean rain&ll over sach a conntry as Wales, bnt probably this -170 In, is not 
more than one twentieth of the average for the month. 

In Scotland, as in Wales, the physical features vary greatly even in a single 
county, and the rainfall there though small was not phenomenally so. I have 
therefore in Table I. given only the totals for each division. For the present 
purpose the conntry may be divided into two fairly eqaal ports, the east 
and south, where there was a great deficiency : and the west and north, 
where the fall was normal. 

The east and south comprisea Divisioun XII., Southern Counties ; XIH., 
South Eastern Connties ; XIV., Sonth Western Couuties; XVI., East Mid- 
land Counties; and XVII., North Eastern Conntiea. Reports have been 
received irom 26 stations, and give a mean rainfall of 'Qii in. : only one 
station reports less than *10 in., and not one '00 in. The moan tbongh small 
is not unprecedented and is probably about one fifth of the average for the 
month. 

The west and north oompriscH Division XV., West Midland Counties ; 
Division XVIII., North Western Counties ; and Division XIX., Northern 
Counties. The number of returns is 26, the mean rainfall 2'896 ins., and no 
station reports less than *10 in., in fact only one station had less than an 
inch, while the largest record is 8-78 ins. This part of the Kingdom pro- 
bably had about three fourths of the average. 

Taking Scotland as a whole, the 62 stations give the very respectable mean 
M of 1-769 in. 
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TABLE n. 
Meak Kainfall and numbeb of Stations at which the fall did not exceed 

O'lO IN., AND AT WHICH NO BAIN WAS BECOBDED DUBINQ FeBBUABT iSqI. 
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Adhering to the Divisions of the Registrar- General, Ireland, like Scotland, 
may be conveniently divided into halves — Monster and Connaaght in the 
west ; and Leinster and Ulster in the east : the western half being naturally 
the wetter. 

From Monster and Connaoght, 25 stations give a mean rainfall of half-an- 
inch ('514 in.), and no record so small as *10 in. 

From Leinster and Ulster, 21 stations give a mean rainfall of *298 in.» and 
one station (Doblin) reports less than *10 in. ('04 in.). 

These two mean falls of *514 in. and *29d in. bear very nearly the same 
relation to the average of the two portions of the Kingdom in which they 
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occur. The mean for the whole country based on the 46 stations is *414 in., 
which is abont an eighth of the average for the month. 

A better idea of the fall over Ireland may be obtained l>y ignoring the 
bonndaries of the provinces, and even to a certain extent the boondaries of 
the oonnties, when we find, as might be expected, that the fall increases 
steadily from east to west. The returns from the counties on the east 
coast give a mean of '20 in., those from the centre and north of the country 
a mean of *85 in., while the mean for the west and south-west is *60 in. 

In Table m. I have given the rainfiiU returns for 20 continental stations, 

distributed over the west of Europe from the Mediterranean to Sweden ; at 

only 8, (Nice, *95 in. ; Munich, *56 in.; and Stockholm, *51 in.) did the CaII 

exceed half-an-inch, while at 6 it was less than *10 in. 
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M. A. Lancaster states in Ciel et Terre^ that in the month of February 
the mean total rainfall for the whole of Belgium was cmly *16 in. 

TABLE m. 
Razmvall at OoNTDnoxTAL Statioks m FxBBUABT xSgx. 



station. 



BiarritB .. 
Perpignan 
Nice .... 
Lyons .. 
Boohefort 
Belfort .. 
Lorient . . . 
Brest .... 
Mnnich .. 
Paris .... 



Bain. 


No. of 
days. 


In. 




•12 


a 


•24 


2 


•95 


I 


•04 


I 


•o8 


2 


•04 


I 


•oo 





•04 


I 


•56 


6 


•12 


2 



Station. 
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Precise comparison of February 1S91 with previous excepiionaUy diy 
months is difficult, owing to the iact that before the foundation of the Rainfall 
Organisation in 1860 the same precision was not observed with regard to 
small falls of rain, or to the measurement of snow. The number of stations 
also was very limited. 

Table IV. contains all records of months with a total rainfall not exceeding 
a quarter of an inch at 12 stations fairly distributed over the British Isles, 
whose records extend over an aggregate period of 728 years, or an avenge of 
61 years. The records are not all absolutely continuous, but I have used 



I Vol. Xn. p. 46. 



#ALU8 — T^ BAIKFALL OF FSBBUABT 1891. 178 

mach care in selecting them, and the two stations at Cork are the only case 
in which there was any material difference in the position of the two gauges. 
ETory entry in the table has been compared with, and is thoroughly sab- 
stantiated by, the records of neighbouring gauges. 

This table indicates that, speaking of the British Isles as a whole, a month 
with not more than a quarter of an inch of rain will occur once in 9 years. 
But when we examine the stations individually we come upon, what is to me, 
a new phenomenon in rainfall statistics. The frequency of the occurrence of 
such a dry month varies from once in 8*6 years at Boston to once in 60 years 
at Orleton. This variation is enormous, and at once suggests inaccuracy, but 
I can find no error. The 8*6 at Boston is supported by 4*5 at Exeter and 5*7 
at Cork. The Exeter Institution record, extending over 74 years, gives 1 in 
8*9, and the record at Spalding, Pode Hole, extending over 62 years, agrees 
very closely with that at Boston. The Orleton value of 1 in 60 years is 
supported by Haverfordwest with no record in 42 years, but Haverfordwest 
has a mean annual rainfall of nearly 50 ins., while Orleton has a mean of 
about 80 ins., practically the same as Exeter. 

Accepting the results given by the table, and examining them with respect 
to monthly frequency, we find that they group themselves in the following 
order : — 

May with a rainfall not exceeding *25 in., once in 84*7 years 
April „ „ „ „ 520 



June „ „ „ „ 60*0 

February „ „ „ „ 104*0 

March andDecember „ „ ,, 121*8 

September • i> »» »» 145*6 

January ,» >, „ 242*7 

July, August, and October „ „ 864*0 



it 



November „ „ 728*0 

The place which February takes in the table is in a great measure due to 
its shortness, and in the month under discussion, February. 1891, the result 
would be very difierent if we added one day at each end, for at many stations 
ndn was recorded both on January 81st and on March 1st. 

Two of the driest months in recent times in England and Wales were Sep- 
tember 1865 and June 1887| but neither of these bear comparison with 
February 1891. 

In September 1865, out of a total of 770 stations, 129, or 17 per cent., 
recorded less than *10 in. ; and 48, or 6 per cent., no rain. 

In June 1887 — 101 stations, at 9, or 9 per cent., the fall did not exceed 
*10 in., and at 2, or 2 per cent., no rain was recorded. 

In February 1891 — 885 stations, at 284, or 74 per cent., the fall did not 
exceed *10 in., and at 50, or 18 per cent., no rain was recorded. 

On page 157 of British Rainfall 1887, 1 find with reference to June of 
that year : — ** In the South Western Counties, with an average annual rainfall 
varying from 80 ios, to about 100 ins., the deficiency was exceptionally great, 
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TABLE IV. 
Table of Momthlt Rainfalls not bxceedino 0*25 in. 



Stations. 


Januaiy. 


February. 


March. 


ApriL 


May. 






In. 




In. 




Tn. 




In. 




In. 






Chiohester, Ohilgroye 


• • 

• • 







• • 

• • 


•00 

• • 


1840 
• ■ 


•16 

•21 


1854 
1870 


•21 




1880 






Exeter, St. Thomfts's 
and Manston Ter- • 
race •• 


•00 

• • 

• • 

• • 


1855 

• • 

• • 


•19 


1887 

• • 
» » 


•06 

• • 

• 

• 1 


1840 

• • 

• • 

• • 


•00 

*22 
•20 

•15 


I817 
1854 
I86I 
1870 


•10 
•10 
.24 




1814 

1844 
187I 

• • 








Tenbory, Orleton 


• • 


• . 




• • 


• 


» • 


• • 


• • 


• • 


• • 




Boston and Grand 
Sluice .....••••... 


•12 
•21 


1826 
1880 

• • 


•12 

'22 
•25 


1832 
1849 
1858 


•17 
•12 

•25 


1829 
1830 
1856 


•20 
•23 

• • 


1852 

I855 

• 


1 '22 
•18 

• ■ 


1829 
1848 

• • 








Bolton, The Folds . . 


• • 

• • 


• • 


•05 


1858 

» . 





• • 


•00 

• • 


1842 

• • 


•18 
•20 


1836 
1 1844 




York, Bootham and / . . 
Phil. Soc i .. 


.. I -lei 1832 


• • 


1 

1 
1 * * 


•18 


1855 


*2I 


1836 




• • 


• * 


• . 


• . 


j .. 


•24' i86i 


• • 


• • 




Haverfordwest 




• . 


• • 


• • 


1 1 


• • 


1 


• • 


• • 







Pentland Hills, Glen- 
corse • t • • . . t . t . • * 




• • 

• • 


• • 

• • 


• • 

• • 


•10 

• • 


1856 

• • 


•00 
•05 


1842 
I854 


•lo 

•07 


1859 
1836 




^ 








• • 


(•22I 
(•27* 


11877 
) 1888 


• • 


. . 


• • 


• • 


•10 


1839 




Cork, Boyal Instita- 




• • 


• • 


• • 


• • 


• • 


•H 


1844 




tion and Blackrock ' 




• • 

• • 




• • 

• • 


« 
• • 


• • 

• • 


• 


• • 

• • 


•02 
•15 


1861 
1874 




V, 




• • 




• • 


* • 


• • 1 * * 


. • 


•10' 1876 




Dablin, Phoenix Park.. 




• . 




• . 


. . 


. . • • 


. * 


• • 


• t 




Collooney, Markree ) 


















• ^ A 


1836 




Obs. and Sligo, \ 




• • 




• t 


• • 


• • 


• • 


* • 


24 




Mount Shannon . . ] 




. . 




• • 


• • 


t • ! • • 





'H 


1844 




Belfast, Linen HaU, ( 




• • 


• • 


• • 


* » 


• - -I? 


1842 


•23 


1824 




and Queen's College | 




• • 

3 

2427 




• • 


• • 

• • 


• • 


• • 
* . 


• t 

• • 


■25 
•19 


1836 

1859 




Total 


7 
104*0 


6 




14 


21 




Frequency i in 






. . 


121-3 .. 


52*0 .0 


347 




Stations. 


June. 


July. 


August. 


Sept< 


amber. 


Oetober. 






In. 


; In. 




In. 




In. 1 




In. 






Chichester, Chilgrove.. 


• • 


• • • • 


• • 


• • 


•00 


185 1 








Exeter, St. Thomas's 


•13 


1870 ; 'oa 


1825 


•07 


1818 -03! 1865 








and Manston Ter- 


•06 


1887 


• • 




• • 


• • 


1 


• • 








race 


•21 


1889 




















Tenbury, Orleton 


• • 


• • 




f • 


.. 1 -11 1865 








Boston and Grand ) ! *2i 
Sluice ( : 16 


1826 


• • 




•15 


1861 








1887 1 .. ! 


• • 1 


• » \ 


. • 1 • . * t 


. • • • 




Bolton, The Folds 


i 
• • 1 • • • • 


• • 


r 


York, Bootham and) .,^ 
Phil. Soc S 


1 




1 " 


1887 ..... .. ' 


•2j 1865 '20 1834 ; 


Haverfordwest . . 1 


i 


1 
!••, .. •0I •. 




Pentland Hills, Glen- ) | 






1 


1 








corse j 


•• 1 


* • 


• • 




• . 


• . 


• • 


•• 


• • 




Cork, Roval Institu- ( 
tion ana Blackrock ( 


•13 


1826 


• • 




• . 


• • 


.. ; .. i -24 


1840 




•06 


1869 


• • 




> • 


• . 


. • . . 1 • • 


• t 




Dublin, Phoenix Park | 


•15 


1887 


• • 




• • 


• • 


•10 i 1865 1 .. 


00 




•10 


1889 


• • 




• • 


• • 


• • 


• • 1 







Collooney, Markree \ 












1 


1 






Obs. and Sligo, 


•14 


1887 


•23 


1863 


• • 


• • • • 


• ' .. 







Mount Shannon . . 
















1 






Belfast, Linen Hall ) 
and Queen's College j 


•07 

f 


1821 


• • 

• • 


. . 


• • 


1 
• • 


• • 

• • 


.. i 


1 
1 



• • 




Total ' 


• • 


12 


2 


2 


5 


! 
• . 1 


2 


Frequency i in .. 1 


607 


. . 364*0 


. . 


364-0 


.. 145*6 0. ! 364*0 






^ Incorrect, not included. 



WALLIA — THE BAINFALL OF FBBBUABT 1891. 



176 



TABLE IV. 
Table of Monthly Riinfalls not bxcbedino 0*25 m. — Continued, 



Stations. 



ChioheBter, Chilgrove 

Exeter, St. Thomas's and) 

Manston Terrace ) 

Tenbory, Orleton 

Boston and Qrand Slaice . . . . | 

Bolton, The Folds 

Tork, Bootham and Phil. Soc. . . 

Haverfordwest 

Pentland Hills, Qlencorse 

Cork, Royal Jnstitation and) 

Blackrock ] 

Doblin, Phcenix Park 

Gollooney, Markree Obs. and) 
Sligo, Moant Shannon J 

Belfast, Linen Hall & Queen's ) 
College j 

Total 

Frequency i in 



November. 



In. 



•12 









1879 



December. 



In. 









I 
728*0 



*20 
•27 
•12 
•22 

'22 

•20 

• • 

• • 






1829 

1835 
1843 

1844 
1843 

• • 

1844 






6 
121-3 



57 

77 
60 
65 

• • 

60 

42 
6x 

63 

• • 

54 
58 
71 



P oa 



6- 

i 



728 



5 

17 

I 

18 



5 

8 

o 

4 
II 



81 



Years. 
11-4 

4*5 

6o'0 
3*6 

« • 

• • 
12*0 

7*5 

• • 

15-3 

57 

• • 

i8-o 

14*5 
14*2 



9*0 



and probably the following list of stations, which report no measoreaUe 
qnantity of rain in the whole of the calendar month, is one of the most 
remarkable tables in the annals of rainfall work : " — 



County. 
Devon 



>> 



»> 



Cornwall 



)t 



It 



»» 



Station. 
Starcross, Powderham Castle. 
Boasdon Observatory (monthly gange). 
Exeter Institution. 
Hatherleigh, Winsford. 
Probas Lamellyn. 
Par Station, Penellick. 
Liskeard, St. Cleer. 
Bade. 



It is rather enrious that this table contains exactly the same nomber of 
stations in the Soath Western Counties reporting no rain, as I have in my 
present tables, but no doubt when the whole 8,000 returns for 1891 are 
worked up the 8 will be increased to 16 or more. 

The effect of such a month as February on the water supply of the country 
is difficult to realise, the deficiency may be roughly taken at 

250 tons per acre over the whole of England. 
800 „ „ „ „ „ Wales. 

160 „ „ „ „ >» Scotland. 

800 „ „ „ „ „ Ireland. 

HBW BSfilBS. — ^VOL. XVn. M 
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I hftre tud notlimg almit the rnoDber of imm j dijB. I fed that in the 
present ease thej are m<«e an iD<iifahnn of perBcnud eq[oation than of any- 
thingdse. A z^kmi obserrer finds in his gange a qnantity of abont -005 in., 
he lesista the temptation to throv it awaj, and with the spirit of a martyr 
eoiers a fall of rain and a rainy day. Another, eqnaDy lealons and eonscien- 
tftODS, giTca the month the ben^t of the doubt, and prodneee triumphantly 
a blank reeocd. Even at the headquarters of British BainM the only entry 
during the month, *01 in. on the 7th, was sospended tall the reading of the 
weddy gange shoold deeide whether it was to be entered or not. 



'* SOUTH-EAST FROSTS," 

WITH SPECIAL REFERENCE TO THE FROST OF 1890-91. 
By Rev. FENWICK W. STOW, MJk., F.B.Met.8oe. 



[Bead April loth, 1891.] 

TmBTT years ago and more, when I first b^an to take Meteorological 
Observations in Yorkshire, I noticed that while frost nsnally came with 
North and North-east winds, it sometimes came with South-east winds. In 
the latter case I found that there was little fear of the skating being spoilt 
by snow ; the frost was sure to be sharp while it lasted, but it was not likely 
to last long. 

The first of these South-east frosts which I noticed» and of which I kept 
a register, was in December 1855. The frost of last winter, which was also 
a South-east frost till the end of December, seemed therefore quite like an 
old friend to me. 

I have extracted from my register some particulars about all the frosts, 
b^;inning with 1855, which I believe to have been of this character. 

I may be mistaken about some of them. It often happens that what is 
evident at the time to an observer is not so evident when studied in a record* 
I have, however, a clear recollection of most of these frosts, and I trust 
that my list is fairly correct. I am somewhat doubtful about the frosts of 
1870, for reasons which I give in a note.' 

1 In 1870 I was at Hawsker. near Whitby. On the sea coast meteorological ooa- 
ditions are rabject to much local variation. Great preeipitation often oooors on tbe 
coast when fine and dry weather is prevalent inland. Moreover, the direction of tbe 
wind at a coast station is locally affected both by the character of the eoast, idiieh 
often makes it easier for the wind to blow along it rather than across it, and also by 
the differences of temperature between sea and land, which tend to make tbe wind 
blow from whichever is the colder. 
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IiiST OP " South-east Fbosts " obbebtbd in Tobkbhibz. 



PiKe. 


,S III 


P 


Tcmpiirfttiue. 


Oenenl 

Direotion of 

Wind. 


li 


-■ |l 


Date. 


Leeda ....I 

HMTOBBte 

BiponT 

HawBkor, now) 
Whitby . . . . ) 

i 
1 

Ayi^Mlh ...J 

:: E'l 


iSss Deo. iS 
iSstI Jan. 1 
i86i' Dec. 24 
iSfiz! Jan. 15 
.863: Dae. 31 
1864. Dec. 33 
1870' Fob. 8' 
1870' Deo. ai 

1880I Jau. 8 

1 

1890 Dm. 7 


6 

8 

S 

8 
S 

45 

33 

6 

S 
47 


i8-o 

33-3 

23-0 
IQ'O 

1 9-2 

'34 
g-o 

17-0 


Sib 19*5 

30th 34-0 

19th 19-5 
8th 13-5 
27th J6-S 
1 3th 'ag-S 
jiatDeo. as'O 
1 
iglh 38-5 

.7th 1*9-8 
iQth ■ 30-0 

Jan. .Nth ! ^i_l 


2ISt 

6th 
29th 
2 lit 

7th 

lath 
Jan. tat 

J3th 

I6th 

2gth 

i3tb Deo. 


SB 
BSE 
E8E A SHE 
SRJtESB 
SE 
SE.E.ftBSE 
ESEASE 
E, and then 
ohiefl; 8 
E and 8E, 
theacAlm 
and va- 
riable 
SEASSB 
EBE A SB 
SB 



I Fcrhapt & donlitrul a 



BtiUBEg.— Bed Hall: 



1863, weather generally bright. Bawsker: 1870, much vind a .. .. 

thawed with Korth-eaat wind, fro*t Bevere on Continent. Ayegaith : iSSo, boat nuwt 
intense when wind East and Soath-east; 18S7, thawod with Sonth-west wind ; 1S89, 
ditto. 

Looking at the liat, then, it Heema worthy of remark that the onl; 
" Sonth-eost Frosts " which laBted more than about 10 days oocnrred at 
iatervalB of abonl 10 years, namely in 1670-1, in January 1880, and in 
1890-1. These lasted 4S, 23 and 47 days roBpectively. They were coin- 
cident in time with frost of extreme severity in France and control Enrope. 
As might be expected, there was keener frost in the sontb-oast of England 
than in the north, and comparatively mild weather prevailed, I believe, in 
Scotland and in Norway. 

Bnt the great frosts of January and Febmory 16G6, 1860-1, December 
1874, 1878-9, and January 1881 were not " South-east Frosts." I cannot 
compare the intensity of the two first with lost winter's frost, not having 
observed them in the same locality. Bnt for duration of cold 1878-9 carries 
off the palm, since the mean temperature of the three months, December, 
Janoory and February, was as low as 80°'4. For severity nothing ap- 
proaches to January 1681, when the mean of 21 consecutive days was 21°-6 
at Aysgorth, and at stations in the valleys considerably below 20°. I^st 
winter the mean of December was 81°-1, and of January 88^-9. 

" South-east Frosts " aro more easily distinguished irom others in the 
north of England than in the south, both by Uie direotion of the wind and 
by absence of snowfali. 
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In the south-east of England the wmd is generally East and not South- 
east, and sometimes even North-east. In Yorkshire it is generally between 
East-south-east and South-south-east. In Scotland and Ireland it may 
blow from South-south-east, South, or South-south-west, but only a natiye 
of the *< Emerald Isle '* could speak of a South-east Frost there, seeing that 
in such cases they have usually no frost at all. Probably an anticyclone 
over north Germany or the south of Norway usually occurs when a South- 
east Frost occurs in Yorkshire, which might account for the curl of the 
wind on its way north. 

Betuming, then, to the north of England, I would say that the dis- 
tinguishing points in ** South-east Frosts " are these : — 

1. A wind from some quarter between East and South-south-west, but 
usually between East-south-east and South-south-east. 

2. Absence of snow so long as the wind holds in the South-east. This 
hardly applies to the south of England, where the wind has just crossed the 
Channel and contracted some moisture. In Yorkshire a fall may occur if a 
temporary shift of the wind to North-east happens without bringing on a 
thaw. 

8. A small range of temperature with especially low maxima. 

4. Rarely a cloudless sky, more generally one that is dull, dry and dirty- 
looking, the sun having little power, and terrestrial radiation being also weak. 

5. If the frost continues the wind generally falls light and fog prevails 
in the lowlands. 

6. A decided shift of the wind to any other quarter brings a tendency to 
thaw, and especially if it becomes North or North-west, 

It seems probable that any very severe frost on the Continent tends to 
produce a ** South-east Frost," provided that there is milder weather over 
our Islands at the time, and the difference of temperature is therefore 
large. 

It cannot be denied that the surface wind has an unpleasant tendency to 
blow from wherever the temperature is lowest, to whatever extent this tendency 
may be over-balanced by the great general movements of the atmosphere, 
which, however, themselves are of necessity set in motion on a vast scale 
by the same tendency, which e.g. produces the Trade Winds. . 

Given, therefore, a severe frost on the Continent, a milder temperature 
over our Islands and an approximate state of equilibrium to the westward of 
them (the greater movements of the atmosphere thus offering no hindrance), it 
may be expected that a South-east wind will rise and bring the cold to as. 
But, of course, it very often happens that some eddy of the great South- 
west Atlantic wind interferes with the "South-east Frost*' within a very 
few days, or prevents it from coming on at all. 

Towards the end of a long frost of any kind, there are often bitter winds 
from East and South-east, when the frost on the Continent has become very 
severe. No doubt the conditions are then somewhat similar to those which 
I have described in the case of *• South-east Frosts.'* But the sky is then 
as a rule entirely overcast, and it is probable that a '< depression " has ap- 
peared in the west, and that a change will soon occur. 



8T0W ** SOUTH-EAST FROSTS.'* ITO 

In considering the frost of last winter as a ** South-east Frost," I must 
explain that I mean the frost which began December 7th, 1^90. There was 
frost (with snow) from November 24th to 80th. That came from the north- 
eagt. Intense cold was reported in Lapland, which speedily pushed its way 
south-westwards. A milder temperature in the north quickly followed in 
the wake of this cold wave. But in Franco and Central Europe the wave 
was arrested and the cold continued. And by December 7th the conditions 
were fiaYoarable for a ** South-east Frost '* of the kind which I have de- 
scribed. No snow fell here at first, and very Uttle before Christmas. There 
were few clear nights or days. With its cold, dull, dry and dreary 
weather, and steady penetrating frost day and night, last December was a 
joy to skaters but not to everybody. 

The brilliant, cloudless, sunny days, which are so pleasant a feature of 
frosty weather in the Yorkshire dales, were few. Scarcely 29 hours of 
bright sunshine were registered in the month, of which 24 occurred on 
5 days only. A photographic incident will illustrate the dulncss of the 
weather. I exposed a plate at noon in the same spot and on practically the 
same view which I had taken some years ago during a bright February frost 
in 6 seconds. This time I gave 12 minutes with the same stop, and the 
plate was rather under-exposed. There was no snow on the ground on 
either occasion, nor was there any fog or other non-actinic condition on 
the latter day. The plate used in December 1890 was about twice as slow, 
but even allowing for this, the difference is enormous. Sometimes the cloud 
canopy was very low. On one day, at all events, we were above it. 

A peculiarity of the late frost was that an increase of cold occurred in 
January 1891 with a North wind, and the conditions were then altered. It 
became much colder in the north, and the sky brightened, and after a fall 
of snow the frost culminated in very low temperatures on the 18th. In 
more than one low-lying place near Bedale — 8^ was observed. But the 
** South-east Frost " was really over early in January, and had been suc- 
ceeded by one of ordinary type. 
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RAIN GAUGES, EVAPORATION GAUGES, ETC. 



Twelfth Aonnal ExMbition of iDStraments, 

Held, by permission of the Council of the Institution of Civil Engineers, at 

25 Great George Street, Westminster, S.W. 

MARCH 3rd to 19th, 1891. 



OLD PATTERN RAIN GAUGES. 
12-INCH Gauges. 



1* Side Tube Rain Gauge* The water passes into the body of the gauge, and 

also into the glass tube, and stands at the same level in each. As the com- 
bined area oithese tubes is very much less than that of the receiving 
surface, the natural depth of the rain is proportionally increased, and 
thus the scale is lengthened in proportion — ^usually about eight or ten 
times, — so that the quantity can be read off to hundredths of an inch. 

Exhibited by Messrs. Negretti and Zambra. 

2. Contracted Float Gauge- In this pattern, instead of having a glass tube, which 

is very liable to breakage, the receiver contains a copper float, to the upper 
side of which a rod is attached. When rain falls the rod is lihed, 
and owing to the small area of the body of the gauge as compared with 
that of the rim, the float rises about eight times the natural depth of 
the rain — this cannot easily be read nearer than to ^th of an inch. 

Exhibited by Messrs. Negretti and Zaicbra. 

10-INCH Gauges. 

3. Old Copper Rain Gauge, constructed in 1855 and used at the Kew Observa- 

tory till June 1890 ; square funnel, receiving area 100 sq. ins. 

Exhibited by the Kew Committee. 

8.INCH Gauges. 

4. Glaieher^s earliest cylindrical form, with bevelled rim and curved pipei 

The rim round the gauge, about | of the way up, was designed to make a 
water-tight joint, so as to prevent any of the rain inside esciming bv evapo* 
ration. The same object was aimed at by the curved tube or inverted 
siphon, in which the last few drops of rain remained and (until they 
dned up) formed a water-seal. 

Exhibited by Messrs. Negretti and Zambra. 

5. Fit2Bx>y'8 Rain Gauge* This is cylindrical in shape with a funnel let into 

the top ; and the rainfall is collected in an inner and much smaller 
cylinder. The amount of rain is ascertained by a graduated dipping 
tube which has a hole at each end* This tube is placed upright m the 
gauge with its upper end open, then the thumb is pressed on the upper 
aperture while the tube is lifted gently out, holding in the lower part a 
quantitjr of water representing the depth of rain in the gauge. The 
graduations on the tube are fixed by actual trial with an ordinary rain 
gauge, Exhibited by TlIE METEOROLOGICAL COUNCIL, 
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5-INCH (and smaller) Gauges. 

6* Howard's Rain Gauge. Designed hy Luke Howard, F.U.S., and engraved 

in the first edition of his Climate of London^ published in 1818. The 
area of the funnel is about eleven times that of the measuring jar, 
so that minute measurements are possible. 

Exhibited hy Messrs. Negretti and Zambra. 

7. Howard's Bain Oauge with stoneware bottle instead of glass, introduced 

about 1850 with the view of reducing the frequency of breakage. 

ExMhited hy L. P. Casella, F.R.Met.Soc. 

B. Howard's Bain Gauge as modified by the late Mr. H. H. Treby of Gooda- 
moor, rough divisions being put upon the bottle so that an approximate 
idea of the amount of fail might be obtained without the ?gauge being 
interfered with. Exhihited hy L. P. Casella, F.R.Met.Soc. 

9. Howard^S Bain GaugOi ft ^i^st modification by Mr. G. J. Symons, being an 
attempt to protect the glass bottle, and yet allow of inspection as in 
Mr. Treby's gauge. This gauge, however,' had two faults, the bottle did 
not hold enough, and if it burst, the can being pierced could not save 
the water. Exhibited hy Messrs. Negretti and Zambra. 

10. Symons's Bain Gauge, This was the previous gauge so modified as to remove 

the above mentioned evils, the bottle was larger and the can watertight. 

Exhibited by L. P. Casella, F.R.Met.SSoc. 

11. 6-in. Side Tube Bain Gauge. Exhibited by L. P. Casella, F.R.MetSoc. 

12. CoflBoe-Pot Bain Gauge — so called from its shape. This was a very handy 

gauge, but it had two faults : (1) that it was frequently blown over — this 
could be cured by suitable hooks ; (2) it was the worst possible pattern 
for frost — this latter fault was incurable. 

Exhibiledby G. J. SymoNS, P.R.S. 

13. Stevenson's Bain Gauge. This was an attempt to bring the rim of the 

^auge to the level of the ground, and vet to avoid insplashing. The 
inventor advised having a brush made to surround the gauge, but 
as tried at Strathfield Turgiss a small mat with a hole in it was 
substituted. Mr. Grifiith reported that it was a very difficult gauge to 
work, and that its chief efiiciency was in collecting insects. 

Exhibited by G. J. Symons, P.R.S, 

14. Fleming's Bain Gauge. This is a very small float gauge, formerly much 

used in Scotland, but now nearly abandoned, because when the quantity 
of rain collected exceeds 2 inches, rain which ought to pass over the 
gauge is caught by the measuring rod and runs down it into the gauge, 
it was also usually placed so nearly level with the ground that surface 
water occasionally entered, and it had other faults. 

Exhihited hy G J. Symons, P.R.S. 



EXPEBIMENTAL BAIN GAUGES. 

16. Prom Col. Ward's original magnitude series— the 2 in., 4 in., and 1*2 in. 
circular gauges, and the 5 in. and 10 in. square ones. (This last is 
what used to be known as the Royal Engineer's Uain Gauge.) 

16. From Col. Ward's original elevation series — the gauges were all identical — 

the 10 ft. one only is exhibited. 

17. From the series constructed for Mr. Symons to test the effect of various re- 

ceiving surfaces (tin, copper, glass, porcelain and ebonite), the porcelain 
one, worked successively at Camden Square, at Framfield, Sussex, 
and at Strathfield Turgiss is exhibited. 

Exhihited hy G, J. Symons, F.R.S. 
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NEW PATTERN RAIN QAUOES. 
8J-INCU Gauge. 

IB. Rain Gauge 8^ inches in diameter employed by the Manchester, Sheffield, 
and Lincolnshire Railway Co. Exhibited by The M. S. & L. R. Co. 

8-iNcn Gauges. 

19. Meteorological Office Oauge* This is generally regarded as the best gauge 

for ordinary observers to whom cost is not a primary object. It has all 
the good features of the Glaisher and of the Snowdon patterns, and 
being of copper is of course very durable. 

Exhibited by TlIE METEOROLOGICAL COUNCIL. 

20. Olaisher's Qauge. This is the Glaisher pattern, modified by the substitu- 

tion of a vertical rim (to cut the rain drops) for the original bevelled one 
on which they would break, and by the substitution of a long straight 
pipe for the curved one which was found to be frequently choked with 
leaves, &c. Exhibited by Messrs. Negretti and Zambra. 

5-INCH Gauges. 

21. Symons's Snowdon Gauge. In the autumn of 1864 the late Major Mathew 

undertook to provide a number of gauges for the district round Snow- 
don ; for that district Mr. Symons provided gauges with cylinders rising 
4 inches vertically from the edge of the cone of the funnel — these are 
called Snowdon nms, and funnels so provided are gradually displacing 
all others because they are so much better in time of snow. A gauge 
of this kind in copper is nearly indestructible, and independent of frort, 
because two vessels Tone of glass and one of copper) must burst be- 
fore the water can he lost. 

Exhibited by L. P. Casella, F.R.Met.Soc. 

22. Symona's Galvanized Snowdon Gauge. The special features of this 

gauge are that while it is accurate, and will last for 15 or 20 years, its 
cost is very small. 

Exhibited by Messrs. Negretti and Zambra. 



MOUNTAIN RMN GAUGES. 

23. Hountain Gauge- This is the pattern adopted by Mr. Symons (see British 

Rainfall, 1867, p. 16), for rough mountain work, and for waterworks 
purposes in wet districts. It is capable of containing 48 inches of rain, 
and may be read off to tenths of an inch. It is constructed with much 
care, and all known sources of error (frost, evaporation, insplashing, 
&c.,) are guarded against The rod is detached from the float Tto 
avoid error from its intercepting the rain), and only dropped into the 
cup when an observation has to be made. The cross-piece enables 
the reading to be taken very accuratelv. The instrument has an outer 
cylinder to guard against frost and to facilitate emptying. 

Exhibited by L. P. Casella, F.R.Met.Soc. 
[As at the last moment a specimen could not be supplied an engraving 
was shown instead.] 

24. Engineers* or Waterworks Gauge. This is identical in principle with the 

above, but modified to render it suitable for districts of which the mean 
annual rainfall docs not exceed 40 inches. The inner vessel is only 
5"658 inches in diameter, while the receiving surface is 8 inches, there- 
fore the float rises two inches for each inch of rain — thus giving an 
open scale, which can be read tu the hundredth of an inch, if desired. It 
will hold about 12 inches. Exhibited by L. P. Casella, F.R.Met.Soc, 
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25. Sjmons's Small Mountain Gauge. This is an attempt to provide a gauge 

accurate, low iii price, frost resisting, holding 20 inches of rain, and 
easily read by shepherds, miners, and gamekeepers, as it is used chiefly 
in unfrequented mountain districts where it can be visited at long 
intervals only. 

Exhibited by Messrs. Negretti and Zambra. 

26. Bradford Waterworks Oange^ designed by Mr. A. R. Binnie, C.E., for use 

on the gathering grounds of the Bradford Corporation : it has a Snow- 
don rim, a large copper pail to hold 17 inches of rain, and the measur- 
ing jar holds 1 inch instead of ^ inch as usual. 

Exhibited by L. F. Casblla, F.R.Met.Soc. 

27. Qreen's Mountain Bain Gauge. This was designed by Mr. T. Green of 

Qrasmere, for use on the Westmoreland Mountains : one is now at work 
there at an altitude of 2,860fl., it has two inner cans, so that if one burst 
the other will save the water, and the funnel is removable so that in 
winter there is ample room for snow. 

Exhibited by Messrs. Negretti and Zambra. 



STOBM QAUaES. 



These are gauges not intended for general use, or for yielding continuous 
record8,/or lohich they are not adapted^ but to enable observers to obser^'e the 
most minute details of heavy rain during thunderstorms. Carefully attended 
to, they yield information of the very highest importance, both forarchitects 
and for engineers, as to the rate at which rain falls. With one of these in- 
struments in London on June 23rd. 1878, rain was ascertained to be falling for 
30 seconds at the rate of 12 incnes an hour, or 288 inches a day. 

28. Sjfmons's Storm Gauge — First Pattern, In this a small funnel discharges 

into a tube, of which the diameter is so small that an inch of rain 
fills nearly 2 ft. ; in the tube is a light ball of opal glass, this rises with 
the water, and can easily be seen against the black board even 10 or 
20 ft. away. When the first tube is full, the overflow passes into a 
second, in which also there is a float, so that the record can be continued 
until two inches have fallen. The tubes are closed at the bottom by 
india-rubber tubes, and on the compress being removed the water es- 
capes, the floats fall to the bottom, and the tubes being re-compressed, 
the gauge is ready for fresh observations. This gauge is broken if the 
least frost finds any water in it, and therefore it should be put out only 
during the summer months. The specimen is divided to show the 
rainfall on the metric system. 

Exhibited by Messrs. Neoretti and Zambra. 

29. Symons's Storm Gauge — Second Pattern. This is a much stronger and 

better instrument, but more expensive. The rain passes into a copper 
cylinder in which is a float, which rises as the rain falls. The float has 
a string passing round a pulley and kept tight by a counterpoise, there- 
fore when the float rises, the pulley turns ; at the extremity of the axle 
of the pulley there is fixed a hand like the minute hand of a clock, and the 
size of the parts is so arranged that this hand completes a revolution 
when 1 incn of rain has fallen. Inside the case there is very simple 
wheel work whereby another short hand, like the hour hand of a clock 
completes a revolution for 5 inches. With this gauge it is therefore 
quite easy to read from a window the fall of rain to hundredths of an inch, 
and hy doing this, say, every 30 seconds, the minutest detail of the 
fall of rain can be a«certained. Constructed by Messrs. Negretti and 
Zambra. Exhibited by G. J. Symons, F.R.S. 
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REUlSTEBINa AND BECORDINa BAIN QAUaES. 

30. Crosley's Registering Bain Gange. Tlic area of this gauge is 100 ins., and 

beneath the tube leading from the funnel, there is a vibrating divided 
bucket ; when one compartment has received a cubic inch of water, t>. 
0*01 in. of rain has fallen, the bucket tips, the index advances on the 
first dial, and the other bucket begins to fill, and so on indefinitely. 

Exhibit^ by Messrs. Negretti and Zambra. 

31. East India Company's Modified Crosley Bain Gange. This differs from 

the Crosley chiefly in the recording arrangement. In place of the series 
of cog-wheels moving hands, the tipping bucket moves a weighted lever, 
which at each movement advances a graduated circle one division, the 
figures on the circle being read through a small opening in the side of the 
case. A small dial with a metal hand carries the record up to 100 ins. 

Exhibited by G. J. Symons, F.R.S. 

32. Teates's Electrical Self-Begistering Bain Gange. The funnel is 100 

sauare inches in area, and the measuring bucket (the working parts of 
which are made of platinum alloy with agate bearings) is acyusted to 
turn with one cubic inch of water. At each turn of the bucket electrical 
contact is made, and the index hand moves one division. The advantage 
of this instrument is that the funnel may be placed in an^ exposed 
position out of doors, while the registering part can be fixed indoors. 

Exhibited by Messrs. Yeates and Son. 

33. Stutter's Begistering Bain Gauge, with 24 collecting jars. 

Exhibited by the Eew Committee. 

34. Beckley's Self-Beoording Bain Gauge. (See Report of the Meteorological 

Committee^ 1869, p. 36.) Exhibited by the Kew Committee. 

35. Oasella's Self-Becording Bain Gauge. The recording portion only, as this 

instrument is sometimes used in a self-contained iron case standing on 
the ground, sometimes in a glass case in an observatory, the water being 
brought down by a pipe from a funnel above. The bucket becomes 
heavier as rain falls, and when 0'20in. has fallen it has drawn the pencil 
from one side of the cylinder to the other, the bucket tips and empties, 
and the pencil goes back to zero. In this pattern a shutter has been so 
arranged that any rain falling during the time the bucket is emptying 
is saved and allowed to pass into the next measurement. 

Exhibited by L. P. Casella, F.R.MetSoc. 

36. Bichard's Self-Becording Bain Gauge. Float Pattern. This consists of 

a funnel for collecting the rain and a pipe leading it into the reservoir in 
which there is a float. A style, carrying a writing pen, follows the motion 
of the float, rising 4 in. for a rainfall of 0*4 in. When the pen reaches the 
top of the revolving drum, the reservoir empties itself, the float falls to 
the bottom, and the pen returns to zero. The emptying of the reservoir 
is automatically obtained by a siphon, the starting of which is secured 
by an electro-magnet which, on ttie circuit of a battery being completed, 
pulls the float down and causes a sudden rise of the water-level, thereby 
filling up the siphon. Exliibited by MM. Hiciiard Freres. 

37. Biohard's Self-Becording Bain Gauge. Balance Pattern. This consists of 

a funnel and pipe leading the rain into a tipping bucket divided into two 
compartments and placed on a balance. One of these compartments being 
under the funnel, the rain falls into it and causes the balance tCLdescend ; 
a writing pen records this motion on the revolving drum. When 
the pen has reached the top (0*4 in. of rain) the tipping bucket 
reservoir oscillates, and the water tilling the flrst compartment is emptied 
into a controlling reservoir. This motion causes the second or empty 
compartment of the bucket to place itself under the funnel. The 
filling and emptying of each compartment is alternately and auto- 
matically produced, and to each of these double operations corresponds 
arise and a fall of the writing pen. Exhibited by MM. Bichabd FalatES. 
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FOREiaN RAINaAUaES. 

38. French Bain Gauges. — Kain gauge as supplied by the Association Prangaise 
pour VAvancement de Science, Exhibited by MAe Prof. Mascabt. 

39. Side tube Rain gauge. During snow a night light or small lamp is 

placed upon the upper shelf to melt the snow and prevent the melted 
water from freezing and bursting the tube. 

ExfUhited 5y M. le Prof. Mascart. 

40. Henri-Hangon's Plnviomdtre totaliseur. The daily fall is read from 

the side tube, and then the water is passed into the large receiver, 
and the total is re-measured at Uie end of the month as a check on 
the daily readings. Exhibited 6y M. le Prof. Mascabt. 

41, Ordinary gau^e with receiver holding two inches of rain, to be drawn oflf 

by the tap at its base. Exhibited by M. le Prof. Mascabt. 

42. HelImann*B Bain and Snow Gange. First pattern devised in 1883. 

The receiver and collector are combined, the latter having a stop 
cock. There are two vessels for changing the one for the other in 
winter when snow is falling. This pattern is now abandoned in 
Prussia, but is used in Alsace-Lorraine. 

Exhibited by Dr. G. Hellmann. 

43. Hellmann's Bain and Snow Gange. Second pattern devised in 1886, and 
now used in the Prussian Meteorological Service. 

Exhibited by Dr. G. Hellmann. 

44. Hellmann'8 Gauge for measuring the density of Snow. 

Exhibited by Dr. G. Hellmann. 

45. Wild*8 Bain Gauge, as used in Bussia. This consists of two cylindrical 

zinc vessels. The upper receiver is fitted with a brass rim to prevent 
possible loss by splashing. The water passes from the upper receiver 
through a kind of sieve into the lower vessel, and any air forced in with 
it escapes through the lateral turned up tube. The water in the lower 
vessel IS let into a graduated glass by the tap. 

Exhibited by the Meteobological Council. 

46. Oolladon's Instrument for determining the* Temperature of Hail. 

Exhibited by Dr. W. Mabcet, F.R.S. 

47. Nipher's Protected Snow Gauge. (See Report of the Chief Signal Officer, 
D,S,A.^ 1887, part 2., p. 384.) Exhibited by tlie Kew Committee. 



MISCELLANEOUS BAIN GAUGES. 

48. 4i-in» Tropical Rain Gauge* The receiver of this gauge is large enough to 

hold 40ins. of rain. Exhibited by L. P. Casella, F.R.Met.Soc. 

49. Livingston's Bain Gauge. This i.s a 3in. copper gauge with upright rim, 

copper receiver, and glass measure, as made for the late Dr. Livingston. 

Exhibited by L. P. Casella, F.R.MetSoc. 

50. Marine Bain Gauge. Mounted on gimbals for use on board ship. 

Exhibited by The Meteorological Council. 

51. Snow Melting Bain Gauge. Invented by, and constructed for, Mr. James 

Sidebottom, F.R.Met.Soc. The case is double, warm water is poured 
into the angular tube, and when the snow (with which it is never in 
contact) in the funnel is melted the water is run off by the tap, and, if 
needed, a fresh supply is added. By this arrangement any mistake from 
adding a wrong quantity of water is impossible. 

Exhibited by J. Sidebottom, F K.Met.Soc. 

52. Snow Gauge. Exhibited by E. Mawley, F.R.Met.Soc, 



186 EXHIBITION OF MEt&OROLOGICAL li^STBUlfENTfi. 

EVAPORATION aAUaSS. 

53. Babington's Atmidometer. This consists of an oblong bollow bulb of glass 
or copper, beneath which, and communicating with it bj a contracted 
neck, IS a second globular bulb, duly weighted with mercury or shot. 
The upper bulb is surmounted by a small glass or metal stem, having a 
scale graduated to grains and half-grains, on the top of which is fixed a 
shallow metal pan. The bulbs are immersed in a vessel of water having 
a circular hole in the cover through which the stem rises. Distillea 
water is poured into the pan above until the zero of the stem sinks to a 
level with the cover of the vessel. As the water in the pan ev^Mrates, 
the stem ascends and the amount of the evaporation is indicated in 
grains. Exhibited &y L. P. Casella, F.R.Met.Soc. 

^' von Lamont^B Atmometer. The evaporation pan is a shallow cylinder 
with a slightly curved bottom, from the middle of which a narrow pipe 
leads to a vertical cylindrical reservoir of water containing a closely 
fitting piston. The position of this piston in the cylinder is adjustable 
by means of a screw which moves the piston vertically, and it can be 
read by a vertical scale attached to the piston, a pointer being attached 
to the cylinder. The method of observing is as follows :^The piston is 
screwed up so as to allow the water in the evaporation pan to run into 
the reservoir, leaving the connecting tube just full, so that the water 
just makes the curved surface of the bottom of the pan continuous ; 
the scale is then read and the water driven by the piston up to within a 
little of the top of the pan, and the evaporation allowed to take place, 
the piston is then raised so that the water sinks again from the pan to 
the same point as before, and the scale is read again. The difference 
of readings in scale divisions gives the depth of water evaporated. 

Exhibited by The Meteorological Council. 

55. Wild's Evaporimeter. Evaporation takes place from a free surface of 

water, in a shallow cylindrical dish supported on the short arm of a 
lever balance. The longer arm, acting as a counterpoise, is provided 
with a pointer which moves over a graduated quadrantal arc, and the 
loss of^ weight, due to the evaporation of water from the dish, is in- 
dicated by the change in the position of the pointer on the scale. The 
diameter of the dish is 178 mm. (7 inches.) 

• Exhibited by The Meteorological Council, 

56. de la Bne^S Evaporimeter* In this the water evaporates from a surface of 

moistened parchment paper, stretched over a shallow drum kept full of 
water, which is supplied from a cylindrical reservoir giving about 6ins. 
head. Into this vessel dips a narrow metal tube forming the only open- 
ing into a graduated c^^linder of glass about Gins, high and l^in. 
diameter. The glass cylinder is originally filled with water, and the 
tube leading from it, which dips into the reservoir, is perforated laterally. 
The water in the reservoir is therefore maintained at a constant level by 
a flow of water from the glass cylinder whenever the lateral opening 
becomes exposed to the air. The amount of water evaporated is given 
by the graduations on the glass cylinder, which are so drawn as to 
express the evaporation in hundredths of an inch. 

Exhibited by The Meteorological Council. 

57. Pio]ie*B Evaporimeter.— This consists simply of a graduated cylindrical 

tube of glass closed at one end, and having the open end ground flat 
and covered b^ a disc of blotting paper about three times the diameter of 
the tube. This is kept in its place by a disc of the same diameter of 
the tube and attached to it by a spring. The instrument is hung ver- 
tically with the closed end upwards, so that as the water evaporates 
from the wet paper very small bubbles of air rise in succession to 
supply its place in the tube. The amount evaporated can be inferred 
from the scale engraved on the glass tube. 

Exhibited by the Meteorological Council. 
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68. Biohard*8 Self-Recording Evaporation Gauge. This consists of a pair of 

scales , one of which bears a basin of water or a plant. Weights are placed 
in the opposite scale to establish a state of equilibrium. A style is 
attached to the scale beam, and the pen records its motions on a revolving 
drum. The sensitiveness of the scale is regulated by a sliding weight, 
which being raised or lowered, raises or lowers the centre of gravity of 
the scale beam. Exhibited by MM. Richabd Fr^res. 

59. Evaporimeter, designed for nse with growing Plants in a Botanical 

Laboratory. A steel tape passes over a pulley resting on knife edges 

and supports the plant at one end and a counter- weight at the other. The 
pulley turns as the plant becomes lighter, moving a cup of mercury 
away from the mouth of a tube, and allowing the air to escape from the 
gas bag. The board resting on the bag falls and moves the pen ; it idso 
increases the tension of a spring acting on the pulley ; this continues till 
the balance is restored and the mouth of the tube is again closed. The 
ordinates of the curve drawn are proportional to the change of weight. 
If the change of weight varies from negative to positive, a connection 
is made to the gas main to give a small continuous supply to the gas 
bag, or a simple arrangement in connection with the water main is 
used. Exhibited 6yTHE Cambridge Scientific Instrument Co. 

60. Apparatus used by the late Mr. 0. Dines for measuring Evaporation. 

A float is fixed on a centre at the bottom of the smaller vessel ; as the 
water in the larger vessel is lowered by evaporation, the float falls over 
and the quantity is measured upon the circular arc. The large vessel 
was immersed in water in a slate tank to within an inch of its rim. 

Exhibited by W. H. Dines, B.A., F.R.MeLSoc. 

61. Floating Rain Gauge and Evaporating Cup for ponds. The instrument 

consists of a wooden float block, having two cavities in it holding a 
rain gauge and an atmometer, each removable at pleasure. The cavities 
communicate with the water underneath, in order to keep the gauges 
of the same temperature throughout. The evaporator has a louvre 
over it to keep out the sun's rays, but admits the wind through it. 
The rain gauge has a perforated diaphragm to keep out the sun*s ravs, 
and to prevent evaporation of the contents. The apparatus is intended 
to be floated out and moored in the centre of a piece of open water, and 
left there as long as suited to the state of the weather, and then drawn 
back again to shore. The gauges are then to be examined, and the quanti- 
ties of water remaining ascertained by measuring glasses in the usual 
way. Exhibited by Surgeon-Major W. G. Black, F.R.Met.Soc. 

62. From the series of Evaporators constructed under the supervision of 

Mr , Rogers Field^ C.K, and described in British Rainfall in 1889 : — 

(1) The Fletcher evaporator, as arranged by the late Mr. Isaac 

Fletcher, M.P., F.R.S. 

(2) The Watson evaporator, as designed by Dr. Dalton, F.R.S., and 
worked for nearly half-a-century by the late Mr. H. H. 
Watson, F.C.S. 

(3) Miller's Wet sand evaporator. 

(4) Tin evaporator. 

(5) „ with overflow. 
'6) Casella's Can. 
\l) „ Bottle. 
8) Hook gauge, used for determining depth evaporated from the 

large tank, 6 ft. square and 2 ft. deep, which was used as the 
standard wherewith the foregoing and some other forms of 
instrument were compared. 

Exhibited by Qt. J. Symons, F.R.S. 

63. Casella's 8 in. Pedestal Evaporator. 

Exhibited by L. P. Casella, F,R.Met.Soc, 
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mSTBUMENTS NOT P£EVI0U8LT EXHIBITED. 
64. Self-Baoordiiig ApparatuB fiir Wells, Rivers, Reservoirs, fte. The action 

of the apparatus is briefly as follows : — ^A card which is fixed on a 
vertical dram is caused to rotate by clockwork, and a float on the surface 
of the water communicates its motion through a rack and pinion to a 
pencil, which thus shows, on a reduced scale, tiie variation in the level of 
the water. Besides its application as a tide-recording instrument, the 
apparatus can be used in conjunction with an overflow weir or notch for 
the purpose of gauging the flow of streams, in which case the diagram 
shows the depth of water flowing over the weir. It can also be applied 
to the fluctuation of water level in a well, and the yield of the well, to 
show whether that is influenced by pumpinff, and it can be made to furnish 
data for calculating the yield of a well which has been pumped down, by 
automatically recording the rate at which the well refills. The weight 
of the float and cord is counterpoised by a spring, and the vertical scale 
of the diagram can be varied at pleasure. 

Exhibited by Baldwin Latham, Pres.R.Met.Soc. 

65. flelicoid Anemometer^ with helicold fan 24 ins. by 5 ins., fitted with Dines* 

and Munro*s patent arrangement for indicating at sight on a dial the 
velocity and pressure of the wind ; also mechanism to register up to 
9,999 miles, and tenths and hundredths of miles. 

Exhibited by R. W. MuNRO, F.R.Met.Soc. 

66. Robinson's Anemometer with cups 5 inches diameter, fitted with Dines' and 

Munro*8 patent arrangement for indicating by a scale on a vertical glass 
tube the velocity and pressure of the wind. 

Inhibited by R. W. MuNRO, P.R.Met.Soc. 

£7. Helicoid Air Meter, with 6 inch helicoid fan, registering up to 100,000 feet. 

Exhibited by R. W. MuNRO, F.R.Met.Soc. 

68. StatOSCOpe* This is a very sensitive atmospheric barometer. The writing 

pen has a 13 millimetre (^ inch) stroke for each millimetre variation in 
the mercurial column. Exhibited by MM. Richard Fr&res. 

69. Anemo-Cinemograph. This instrument indicates and registers the velocity 

of the wind in miles per hour, directly and without any calculation. 

Exhibited by MM. RICHARD Fr^res. 

70. Self-Recording Aneroid Barometer, going for a week and marking a dot 

on the paper every 15 minutes. 

Exhibited by Mons. 6. Meyer. 

71. Instrument for rendering apparent and measnreable momentary oscil- 

lations of Atmospheric Pressure. 

ExJubited by A. £. Bennett. 

72. Early Pattern of Solar Radiation Thermometer tVi vacuo with black glass 

bulb and certificate. 

Exhibited by F. C. Bayard, LL.M., F.RMet.Soc. 

73. Small Camera for Meteorological Photography, showing a simple 

method of attaching a mirror of black glass for photographing meteoro- 
logical phenomena. 

Exhibited by A. W. Clayden, M.A., F.R.Met.Soc. 

74. Larger Camera for Photographing Clouds and Lightning. The black 

mirror is finely- ground glass, blackened on the rough side. This 
apparatus is attached to a simply constructed stand, which can be 
clamped to a window-silK 

Exhibited by A. W. Clayden, M.A., F.R.Met.Soc. 

76. Frame for Measuring Cloud Pictures for determining height and drift of 

clouds, designed by Gen. R. Strachey, F.R.S.. and Mr. G. M. Whipple, 
F.RA.S. Exhibited by the Kew Committee. 
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PHOTOaHAPHSi ftc. 

76. New York Blizzard of Maroh 12-14, 1888. Three Views. 

Exhibited by H. P. CUBTIB. 

77. Self-Becording Bain Gange used at the Ufficio Centrale di Meteorologia, 

Rome. Exhibited by Prof. P. Tacchini. 

78. Flood at Botherham Bailway Station, May I65 1886. Two Views. 

Exhibited by B. M. Eaton, F.R.MetSoc. 

79. Flood on the Severn at Worcester, May 16, 1886. Two Views. 

Exhibited by Ot. B. Wetherall, F.R.Met.Soc. 

80. Bain Gauge Experiments. Photographs illustrative of Oalne series. 

First site of the experiments originated by Col Ward, F.R. Met. Soc., to 
determine (1) the effects of placing gauges at different heights above the 
ground, not (as had been done previously) on buildings, but on posts, 
and (2) to ascertain whether there is any difference in the indications 
of gauges ranging in diameter from 1 to 24 inches, and including 
square ones of 25 and 100 inches area. This photo shows the gauges 
as placed at Castle House, Calne, Wilts. 

Exhibited by G. J. Symons, F.R.S. 

81. The same gauges removed to Strathfield Turgiss, Hants, in order to 

ascertain what effect, if any, local influences had in producing the 
results noticed at Calne. Exhibited by G. J. Symons, F.R.S. 

82. Botherham Experimental aauges.-~General view of the apparatus 
erected by Mr. Chrimes on the cover of Boston Reservoir, Rotherham, 
in order to study the diminution in the amount collected by gauges 
elevated above the ground, and its probable cause. 

Exhibited by G. J. Symons, F.R.S. 

83. ^Weighing-machine used to ensure precision in the measurements in the 

preceding experiments. The beam turned readily with 0*001 in. It is 
shown with, and without, one of the collecting vessels. 

Exhibited by G.J. Symons, F.R.S. 

84. Five mouthed gauge, part of the Rotherham series ; it has one hori- 
zontal mouth and four vertical ones facing N.E.S. and W. respectively. 
From its records the altitude and azimuth whence any fall of rain comes 
can be computed. Exhibited by G. J. Symons, F.R.S. 

86. Forty-five degree gauge — of the same series — two views. In this gauge 

the funnel was set at an angle of 45°, and it was attached to a powertul 
vane which kept the orifice always in the azimuth of the prevailing wind. 

Exhibited byG,J, Symons, F.R.S. 

86. Tipping gauge of same series — two views. In this case the funnel was 

not only kept in the azimuth of the prevailing wind, but it was also by 
the lateral fans so tipped as also to meet its angle in altitude. 

Exhibited by G. J. Symons, F.R.S. 

87. Three views of the same gauges as re-erected on the bank of UUej 

Reservoir, Rotherham, in order to compare results with those in their 
former position. Exhibited by G. J. Symons, F.R.S. 

88. Chester Lead Works.— -Shot Tower of Lead Works, Chester, 160ft. high. 

used as one (of many) stations for determining decrease of rain&ll 
with elevation above the ground. Exhibited by G. J. Symons, F.R^. 

89. Boston Churchy Lincolnshire) the tower of which is 273ft. high. Observa- 

tions have been made on this tower for determining the decrease of rain- 
fall and of temperature with elevation above the ground. (Two views.) 

Exhibited by the Royal Meteorological Society. 

90. Latham's Self-Becording Bain Gauge. The rainfall accumulating in the 
gauge (by means of a float) actuates a pencil on the diagram on a vertical 
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dram which is driyen continnously by clockwork. The record thm 
obtained shows not only the total amount of rain which has fallen in a 
given time, but the rate at which it falls. (Three views.) 

Exhibited by Baldwin Latham, Pres. R.Met.Soc. 

Floods^ damage by— 

91. Two photos of Todmorden flood, July 1870. 

92. Hereford Railway Station in the flood of 1876. 

93. Valley House, Chepstow, showing lawn nearly covered with atonet 

washed down from above. 

94. Sheet of views of Chelmsford flood, August 2nd, 1888. 

96. Three views of Bristol floods, March 1889. 

Exhibited by G. J. Symoms, F.R.S. 

96. Sites of Bain Gaoges in the Lake District. Cumberland^(X) Stye Head 

Tarn ; (2) Stye Head Pass ; (3) The Borrowdale valley looking south ; 
the Stye (probablv the wettest spot in the British Isles) is near the centre 
of the photo, and Scathwaite hamlet is just behind the trees further to 
the west ; (4) Watendlath Tarn ; (6) Grange at the foot of Derwent- 
water — summer, looking south ; winter, looking south-west ; (6) Butter- 
mere, the gauge is at Hassness near the edge of the lake; (7) General 
view of Derwentwater with Keswick in the foreground. 

Exhibited by G. J. Symons, F.R.8 

97. Ben Nevis Observatory — (l) A clear day ; r2) too much hoar frost for the 

anemometer. Exhibittd by G. J. Symons, F.ELS. 

98. Specimens of Clond Photographs taken on ordinary Ilford plates by reflec- 

tion from black mirrors. 

Exhibited by A. W. Clayden, M.A., F.R.Met.8oc. 

99. Photographs of Clonds taken at the Santis Observatory, Switserlandt 

in 1890. Exhibited by Prof. A. RiOOENBACH. 

100. Photograph of the Tower of the Winds, Athens. 

Exhibited by Dr. C. T. Williams, M.A., F.R.MetSoc. 

101. Models of Hail-Stones, 7in8. in circumference, which f eU near Montereau, 

France, on August 15th, 1888. (See Quarterly Journal of the Royal 
Meteorological Society. Vol. XV. p. 47.) 

Exhibited by the RoYAL MeteobologicAL SOCIETY. 



HAPS AND DIAQRAMS. 



102. Map of Rainfall of part of Great Britain prepared by the late Mr. J. 

Atkinson, of Carlisle, and issued March 1840. (Believed to be the 
first map of any part of the British Islee showing the Rainfall.) 

Exhibited by G. J. Symons, F.R.S. 

103. Map of Rainfall over the British Isles* prepared by the late Mr. Keith 

Johnston. Exhibited by G. J. Symons, F.R.5. 

lOi. Map of Rainfall over the British Isles, based on the average 1860-66, pre- 
pared for the Sixth Report of the Rivers PolluHon Commissioner^^ by 
Mr. G. J. Symons. Exhibited by G. J. Symons, F.R.8. 

105. Map showing the Stations from which a record of the fall of rain 

in the British Isles was quoted in British Rainfall 1889. 

Exhibited by G. J. Symons, F.R.S. 

106. Map showing the sites of the Rain Ganges on the Manchester, Sheffield, 

md l.incolnshire Jlailway. Exhibited by The M. S. * L. R. Co, 
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107. Statement of Bain fallen in the year 1890, at the Stations of the Manchester, 
Sheffield, and Lincolnshire Railway. 

Exhibited by The M. S. & L. R. Co. 

106. Map of Bainfall of Europe, prepared by Prof. Otto Erummell. 

Exhibited by G. J. Symons, F.R.S. 

109. Map of Bainfall of France, prepared by M. Angot. 

Exhibited by G. J. Symons, F.R.S. 

110. Bainfldl Atlae of Boesia, prepared by Dr. Wild. 

Exhibited by the Royal Meteorological Society. 

111. Mapof Bainfall of India, prepared under the direction of Mr.H. F. Blan* 

ford, F.R.S. Exhibited by the Royal Meteorological Society. 

112. Map of BainfkU over the S.E. of Anstralia and Tasmania during 1884, 

published by the proprietors of The Australasian. 

Exhibited by G. J. Symons, F.R.S. 

113. Map of Bainfall of South Australia in 1887, by Mr. C. Todd, F.R.S. 

Exhibited by G. J. Symons, F.R.S. 

114. Bainfall Map of New South Wales for 1889, by Mr. H. c. Russell, B.A., 

F.R.S. Exhibited by the Royal Meteorological Society. 

115. Bainfall Chart of the United States. By Mr. C. A. Schott. 

Exhibited by the Royal Meteorological Society. 

116. Map of Mean Annual Bainfall of the Globe, by Prof. E. Loomis. 

Exhibited by the Royal Meteorological Society. 

117. Becord from Osier's Anemometer at the Royal Observatory, Greenwich, 
showing Rainfall for July 4-5, 1890, and corresponding Photographic 
Record from Thomson's Electrometer. 

Exhibited by W. H. M. Christie, F.R.S., Astronomer Royal. 

118. Diagrams of Barometer, Thermometer, Bain, and Wind, at Barrow, 

1876-9, Kenilworth, 1880-8, and Beckford near Tewkesbuiy, 1884-90. 

Exhibited by F. Slade, F.R.Met.Soc. 

119. Sheet and Albnm of Engravings of Self-Beoording Bain-Ganges. 

Exhibited by G. J. Symons, F.R.S. 

120. Watersponts- Early lithograph of ** Phdnom^ne de Trombes Marines observe 

dans lamer de Sicile en vue de Stromboli le 27 Juin, 1827, et dessin^ par 
L. Mazzara k bord du Brigantin Ic Portia, Captain Cabbage, au moment ou 
le navire fait feu sur la trombe qui le mena^ait le plus pr6s.*' 

Exhibited by G. J. SYMONS, F.R.S. 

121. Bothamsted Bain Ganges* — Coloured Drawing, by Lady Lawes, of the 

Rothamsted Rain-gauges. For the purposes of accurate measurement 
of the rain, and of obtaining sufficient quantities for analysis, a large 
gauge of one-thousandth of an acre area has been in use since the 
be^nning of 1858 ; also an ordinary funnel-gauge of 5 ins. diameter ; 
and these are represented in the drawing. An 8 inch ^*- Board of Trade '* 
copper-gauge has also been in use since January, 1881. The funnel 
portion of the large gauge is constructed of wood, lined with lead ; the 
upper edge consisting of a vertical rim of plate glass bevelled outwards. 
The rain is conducted by a tube into a galvanised iron cylinder under- 
neath, and when this is lull it overflows into a second cylinder, and so 
on into a third and fourth, and finally into an iron tank. Each of the 
four cylinders holds rain corresponding to half-an-inch of depth, and 
the tank an amount equal to 2 inches. Each cylinder has a ^auge-tubo 
attached, graduated to read to *002 in., but which can be readto '001 in. 
Small quantities are transferred to a smaller cylinder with a gauge-tube 
graduated to '001, or one-thousandth of an inch. 
Exhibited by Sir J. B. Lawes, Bart., and J. H. Gilbert, LL.D., F.R.S. 
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122. Bothamsted Drain (or Percolation) Oaoges.— Coloured drawing by 

Lady Lawes of the Rothamsted Drain*ganges. The three ** Drain- 
gauges," each one-thousandth of an acre area, for the determination of 
the quantity and the composition of the water percolating respectively 
through 20 inches, 40 inches, and 60 inches depth of soil (with the sub- 
soil in its natural state of consolidation), have been in nse since 
September, 1870, — that is for a period of more than 20 years. The 
gauges were constructed by digging a deep trench idong the front, 
gradually undermining at the depth required, and putting in plates of 
cast iron (with perforated holes) to support the mass. The plates were 
then kept in place by iron girders, ana the ends of the plates and of the 

firders supported by brickwork on three sides. Trenches were then 
ug round tne block of soil bit b^ bit, and it was gradually enclosed on 
eacn side by walls of brick laid in cement. Below the perforated iron 
bottom a zinc funnel of the same area as the soil was finally fixed, and 
the drainage water is collected and measured in galvanised iron cylinders 
with gauge tubes, as in the case of the rain. 
Exhibited by Sir J. B. Lawes, Bart., and J. H. Gilbert, LL.D., F.R.S. 

123. Table of Rainfall and Drainage at Bothamsted for the 20 harvest years 

ending August 31st, 1890. 

Exhibited by Sir J. B. Lawes, Bart., and J. H. Gilbert, LL.D., F.R.S. 



124. Botbamated Bain Oangea,— Cylinders of the r^ acre rain gauge, with 
side tube attached, reading to *002inch. 
Exhibited by Sir J. B. Lawes, Bart, and J. H. Gilbert, LL.D., F.R.S. 

G. J. SYMONS, F.R.S. \ « . . 
JOHN W. TRIPE, M.D. ) ^^^"^r*^*- 

WILLIAM MARRIOTT, Aesiitanl Secretary. 
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PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

March 18th, 1891. 

Ordinary Meeting. 

C. Theodore Willums, M Jl., M.D., Vice-President, in the Chair. 

Horatio Brevitt, The Leasowes, Tettenhall Road, Wolverhampton ; 
John Lovel, York Road, Driffield ; and 

Lyall George Oliver, M.A., B. Sc., Granunar School, Newark, 
were balloted for and duly elected Fellows of the Society. 

Mr. Scott stated that the subscriptions promised towards the New Premises* 
Fund amounted to £1,141 Ss., and that the Council had taken three rooms on tfc*^ 
second-floor at 22 Great George Street, to which the Library and Office woa7</ 
shortly be removed. 

The following Paper was read : — 

"A Contribution to the History op Rain Gauges." By G. J. SmoKs, 
F.R.S. (p. 127.) ^ 

Mr. A. W. Clayden, M.A., F.R.Met.Soc, exhibited (by means of a Untem) 
A large number of slides illustrating Meteorological Phenomena (p. 142.) 
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On the motion of Mr. Silver, seconded by Mr. Legkt, the thanks of the 
Society were given to the Exhibitors for the loan of their Instruments, &c. 

The Meeting was then adjourned in order to afford the Fellows an opportunity 
of inspecting the Exhibition of Bain Gauges, Evaporation Gauges, &o., which 
hod been arranged in the rooms of the Institution of Civil Engineers (p. 180). 



April 15th, 1891. 

Ordinary Meeting. 

Arthur Brewin, Vice-President, in the Chair. 

Joseph Baxendell, The Observatory, Birkdale, Southport ; 
EDbnrt Champ, Manchester ; and 

Samuel Hartshorke Bidqe, B.A., F.B.G.S., 275 Victoria Parade East, 
Melbourne, 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read : — 

** On the Variations of the Bainfall at Cherra Poonjee in the Ehasi 
Hills, Assam." By Henry F. Blanford, F.B.S. (p. 146.) 

" Some remarkable Features in the Winter of 1890-91.** By Frederick J. 
Brodie, F.B.Met.Soc. (p. 155.) 

** The Bainfall of February 1891.** By H. Sowbrby Wallis, F.B.Met.Soc. 
(p. 167.) 

** South-East Frosts, with special reference to the Frost of 1890-91." By 
the Bev. Fenwick W. Stow, M.A., F.B.Met.Soc. (p. 176.) 

"Snowstorm of March 9th and 10th, 1891, at Shirenewton Hall, 
Chepstow." By E. J. Lowe, F.B.S. (See below.) 



CORRESPONDENCE AND NOTES. 

Oreat Snowstorm, March 9th and 10th, 1891, at Shirenewton Hall, near 
Chepstow. By E. J. Lowe, F.B.S., F.B.Met.Soc. 

The late snowstorm and gale in this neighbourhood was a marked example of 
blizzard. There were series of limited areas where a large amount of snow 
collected, and this snow for the most part had previously fallen, and was again 
blown from the fields, moving along near the ground until meeting with an 
obstruction, and then becoming mingled with the snow already gathered there, 
causing a dense cloud of snow-dust, the snow being broken up mto such minute 
fragments that it more nearly resembled flour than snow. 

Driving from Chepstow on Tuesday the 10th, at 4 p.m., I had the opportunity 
of a close examination. My carriage became firmly embedded in a deep snow 
drift (varying from 6 to 8 ft. high) before being aware that there was an im- 
penetrable mass of snow close bv. A drift could be seen extending half across 
the road, but at a few yards further on, the blowing snow becune so dense that 
objects at more than the distance of two or three feet were invisible. This snow- 
dust was forced into, and penetrated, clothes, covering them as if with flour instead 
of snow, and it could not be shaken off like ordinary snow. It was impossible 
to face the blizzard, the head had to be turned away from the direction in 
which the gale was blowing. As there was a narrow open space close to the 
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opposite hedge, IJwalked throngh the whole length (about 60 yards), and at either 
end the prospeot was clear enough to see a dirtanoe of two or three milea, eyen 
when qmte close to tiie blizzard, the bonndaries being so sharply defined. 

There were many such drifts in this neighbonrhood varying firom 80 to more 
than 100 yards, and the snow in them was so solidly pressed down that, when out 
throngh, the spadesfiill thrown out did not fall to pieces. Nearly every place 
was snowed up for several days, and it was only possible to force a passage on 
foot after the giJe had ceased, for during its continuance it was extreme^ 
dangerous to mSke the attempt. At the worst part of the gale very little snow 
was actually falling, but the air was fall of snow-dust blown finom exposed 
situations until no snow remained in the fields except along the hedges, and where 
the gale passed across ploughed fields the drifts were much discoloured owing to 
the mrge amount of soil that was blown from the fields with the snow. 

Rook of houses facing the gale ({.«. North-east) had the snow blown under the 
slates until in some houses it was 8 ins. deep. 

Within the blizzard the cold was intense, apparently much more so than on 
either side without these drifts. 

The clouds of snow moved close to the ground, and, as it were, boiled over the 
obstructions, at the same time stirring up the snow that had been previously 
deposited. 

It has been very difficult to ascertain what amount of snow fell, as most of it 
was shifted by the gale. It could only be done in sheltered situations where 
trees were on the north-east side, and even only approximatelv with these pre- 
cautions. The depth of the snow was measurea along a line 2b yards in length, 
situated to the south-west of a plantation of trees and conunencing 20 yards ttom 
the trees ; at the end of this Ime nearest to the trees was drift snow, and at the 
other extreme a portion had been blown away. 

North-East. 
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At the point A the depth at 7 a.m. on the 10th was 6 ins., and this was increased 
in the afternoon to 7} ins. From near this place the snow was gathered on 
Thursday at 6 p.m. and melted, it having at that time sunk to i^ ins., and though 
the surface had somewhat melted, the water had not passed through the snow. 
The actual amount when melted was 0*672 in. 

To show the difficulty, the ordinary 8 in. rain gauge only caught 0-004 in., a 
snow gauge 0*120 in., and a second one 0*122 in., whilst a third at 7 ajn. on the 
10th (after 6 ins. of snow had fallen, t.e. 0'504 of an inch) was placed at an angle 
of 45^ towards north-east, and this collected 1*075 ins., whilst not more tln^n 
0*168 in. could have fallen ; Mix being due to blown snow. Hollows in the 
groimd were filled up with the driving snow so that a sunken gauge with the top 
level with the ground would have been quite fall of snow-dust. 

At nton Court melted snow 0*950 in. depth 8 ins. 

„ Piercefield Park „ 0*400 „ „ 4 „ 

„ Dennel Hill „ 0*840 „ „ 4^ „ 

The above are all to north-east, and situated 1, 8 and 4 miles distant. 
Snow commenced falling at 4 pan. on the 9th, with a North-east gale, and 
ceased at 6 p.m. on the 10th, when the gale was over, and it became frosty. 
The barometer had been falling from the 4th, but began to rise again at 2 ajn, 
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on the 9th, falling again in the afternoon. The wind, which had been South- 
west and West-sonth-west, became North on the morning of the 8th, and North- 
east on the morning of the 9th, Sonth-sonth-west on the 15th, with much snow 
from 1.15 pjn. till 8 p.m., and heavy rain after 9 p.m. The wind on the 16th 
became South-east. 

Barometer (corrected and reduced to sea-level). 
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And then almost stationary tiU midnight. 

It ought to be explained that the prospect was visible for several miles, owing 
to the situation being higher than tiie surrounding country. There were 
numerous drifts, but they were at a lower leveland could be looked over. All roads 
lower than the surrounding fields were filled up with snow. 



SoLAB Halo seen at Cooper's Hill, Staines, on June 9th, 1891. By Prof. 
Herbert McLeod, F.B.S. 

A SOLAR halo of an unusual form was observed here on Tuesday, June 9th. At 
about 9.15 a.m. an elliptical arch was seen over the sun, the highest portions of 
the arch being brightly coloured, and the sides white and only just visible at about 
the level of the sun ; nothing was seen below the sun. Having to lecture on that 
morning, I ftsked Mr. Appleyard, Professor Stocker's Assistant, to measure the 
halo with a sextant, and at 10.20 a jn. he observed a smaU portion of the halo 
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below the sun, bat which lasted only a short time. Themeasorements from the 
Btm to the halo above and below were 21^46', making the minor aziB 48°82'. 
The measurements from the snn to the halo horizontally were 28*16', or the 
major axis subtended 56^80". The halo afterwards appeared to become more 
circular, but clouds prevented measurements being taken. 



Temperature and Area. Note by E. G. Aldridoe, F.B.Met.Soe., F.G.S. 

It is the invariable practice of meteorologists, in calculating the mean tem- 
perature of the British Islands from the mean temperatures of the three 
constituent kingdoms, to assume for these kingdoms equal areas, or rather to 
overlook the important fact that these three great divisions are not of equal size. 
Thus, tiding Great Britain alone, if the mean temperature of any given period be 
50^ in England and 40° in Scotlajid, the mean temperature for the entire island 
would not be 45°, but about 46^°. 



The Destructivenbss of Tornadoes. 

At the request of the Chief Signal Officer, Prof. H. A. Hazen has made an 
inquiry into the average number of Tornadoes in the United States, the area 
devastated by them, and the number of lives lost annually.* 

In investigating tornadoes, great difficulty was experienced in accurately 
determining property losses or loss of life, the difficulty resulting from exaggerated 
reports which are invariably spread over the countnr in connection wim public 
calamities of this kind. For instance, the Louisville tornado of March 27th, 
1890, was months later reported by the public press to have caused a loss of 500 
lives instead of ld5^the true number. Prof. Hazen divided the tornadoes into 
three classes : first, violent storms causing destruction ; third, the most severe 
tornadoes ; and placed in the second class all other known violent storms. 'While 
there were about one thousand tornadoes, each, in classes 1 and 2, causing the 
death of 1,071 people, an average of one person to two storms, and a loss of about 
$28,000,000 in property, yet there were but 58 tornadoes of a very violent 
character, killing 755 people and destroying property to the amount of $11,894,700, 
an avera£;e loss of 18 lives and over ${^,000 of property to each storm of class 8. 

Severfu methods of determining the average destructive area covered by 
tornadoes were tested. In one case the result gives the relation between the 
total area visited annually by violent storms of all classes to the area of the state, 
with the following result : In Alabama, one square mile of limited destruction 
anmudly to each 7,866 square miles; Arkansas, one to 14,418 ; Georgia, one to 
6,696 ; Illinois, one to 8,172; Indiana, one to 6,210 ; Iowa, one to 7,164 ; Kansas, 
one to 9,720 ; Michigan, one to 18,896 ; Missouri, one to 6,886 ; Ohio, one to 
4,554 ; Pennsylvania, one to 9,972 ; Wisconsin, one to 12,042. These figures, of 
course, are not strictly comparable, especially when we consider the state of Ohio, 
which has a very large number of intelligent voluntary observers, on the one 
hand, and Kansas, on the other, a state not thickly settled in all sections. 

Another plan followed was to consider the area of destruction covered in all 
well-studied and destructive tornadoes, and then apply that area by weight to all 
\4olent storms of each state. The following table shows the relative numbers ; 
Alabama, one square mile of devastation or set^ere destruction to each 480,600 
square miles ; Arkansas, one to 712,800 ; Georgia, one to 504,000 ; Ulihois, one 
to 185,400; Indiana, one to 880,000; Iowa, one to 482,000; Kansas, one to 
486,500 ; Michigan, one to 914,400 ; Missouri, one to 406,800 ; Ohio, one to 
248,000 ; Pennsylvania, one to 468,000 ; Wisconsin, one to 475,900. These results 
are materially different from those first given, and they appear more satisfactory. 
Such methods of comparing destroyed with undestroyed areas are, of course, 
incomplete, and must be received with caution. 

It appears from these data that in no state may a destructive tornado be expected 
oftener, on an average, than once in two years, and that the area over which the 

1 Rtport of the Chief Signal Officer, U.S. War Department, 1890, 
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total destmction can be expected is exceedingly small even in the- states most 
liable to these violent storms. Prof. Hazen's figures ' regarding the relation of 
destruction by fire to that of tornadoes are interesting, and worthy of consideration. 

The Chief Signal Officer believes this matter of great public importance, and 
desires to impress upon the people at large how small are the chances of personal 
injury or loss of property in this connection. 

It IS well settled, however, that in the last eighteen years the death casualties 
from tornadoes average 102 annually. While this is a large number, yet it does 
not appear to be as great as that of the death casualties from lightning, since 
during the year 1890, from March to August inclusive, there were 102 lives lost 
by lightning, and in compiling this latter record the list is incomplete, especially 
as regards the Southern States. It may be safely assumed that, dangerous as 
are tornadoes, they are not so destructive to life as thunderstorms. 



Rainfall of the Pacific Slope and the Western States and Terri- 
tories. 

Gen. Greely, the Chief Signal Officer, recently submitted to the United States 
Senate a Report on the Rainfall in Washington Territory, Oregon, California, 
Idaho, Nevada, Utah, Arizona, Colorado, Wyoming, New Mexico, Indian Terri- 
tory, and Texas, together with 15 charts, and the corresponding data, showing the 
maximum and minimum for the year and the mean rainfall for each month of 
the year. This is also accompanied by a report by Lieut. W. A. Glassford, on 
the causes of the wet and dry seasons, the abundance and deficiency in different 
portions, the summer rainy season in Arizona, &c. 

Lieut. Glassford says : — 

<* The season of rain occurrence notably varies in different portions of the 
Pacific slope. In California, Oregon, and Washington there is a marked dry 
season during the summef, which lengthens in duration to the southward. In 
Arizona there are two rainy seasons, one in midsummer, the other during the 
colder portions of the ^ear. Between the Rocky and Sierra Nevada ranges of 
mountains. the rainfall is rather uniform, but with an increasing tendency during 
the winter. 

"That part of the Pacific slope west of the Sierra Nevada and Cascade 
ranges is the most highly favoured with rain. As seen in the charts the 
most noteworthy peculiarity is the summer drought. Summer showers and 
thunderstorms occur, however, in the mountain regions of Northern California, 
also in Oregon and Washington west of the Cascades. There is a general in- 
crease in frequency of summer rains from south to north, and the drought 
shortens in duration in the latter direction. 

" Frequently not a sprinkle of rain falls in the Sacramento or San Joaquin 
Valleys, nor in the Southern Counties, from May to October. This periodic 
division of rainy and dry weather during the year has brought into use the term 
' wet and dry season,* and references to rainfall measurements are generally under- 
stood to commence with the rainy season, and the term seasonal instead of annual 
ii invariably the current estimate. In the great valley of California the expecta- 
tion of rainless summers admits of the uninterrupted cereal harvest, its sacking 
and shipment, to be made without fear of dama^ng rains. It is an ordinary sieht. 
during the harvest season and after, to see milhons of bushels of grains sacked 
and piled without shelter in fields or on open cars. 

"The system of mountains and valleys in Oregon and Washington Territory 
being similar to the district just discussed, the rainfall differs but little except in 
amount. There is distinctly a wet and dry season west of the Cascades, as well as 
in California. The wet season is characterised by either downpours or drizzly 
weather, and the dry seasons by scattered showers. The periodic feature of rains 
continues near Vancouver Island, and northward in a lesser degree, for at Sitka 
the rain is nearly equally distributed throughout the year. 

" In the plateaus of Arizona the rainy season comes in the summer months.'* 

Gen. Greely in his Report says : — 

^^ An examination of the charts of maximum annual rainfall and minimum 
annual rainfall of these regions shows clearly that rainfall conditions are con* 
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Biderablj more equable than has been generally beliered, so that the isohyetal 
lines are quite as regular on these charts of maxima and minima eonditiona as on 
those of average conditions. The minimum rainfall has neyer reached aero for 
any year, and annual or seasonal rainfalls less than one inch haye occurred in 
Soutn- western California and South-western Arizona at few statiooa only. Tbeee 
maps of maxima and minima precipitation must be of great practical yalue, as 
showing the settler or investor exactly the extreme conditionB which he must 
expect to experience in these regions. 

" It is weU known that enormous quantities of water occasionally fall in these 
arid regions, the phenomena being known as " cloud-bursts.*' These downpours 
of rain, while injurious and even destructive at the time, yet being taken op by the 
earth, they serve usefully later as a water supply, through the medium ox rivers, 
artesian wells, or springs. The quantities wnich fall in a single cloud-burst' can- 
not be calculated, but the amount can be expressed by no other word than enor- 
mous. In South-eastern California, in the desert country, where it has been said 
that no rain falls, one cloud-burst was of such extent tbiat, although the comitiy 
w^ nearly level, yet water fell in such enormous quantities that over a quarter 
of a mile of the Southern Pacific Railroad was completely swept away, and other 
portions of the track submerged and damaged. It is to be noted a&o that this 
quantity of rain fell durine one of the dry months, when the rain-m^) showed for 
Southern California only •01 or '02 in. of rain, barely enough to moisten the sur- 
face of the sandy desert. 

'* The question of increasing rainfall in the Great Interior Basin seems to be 
satisfactorily settled as far as the catchment basin of Great Salt Lake is con- 
cerned. The systematic and careful observations made by Prof. G. K. Gilbert, 
of the Geological Survey, supplemented by other data for the past forty years, 
which he has collated and sifted, gives with tolerable accuracy the level of the 
Great Salt Lake, which serves as a reservoir for probably two-thirds of the entire 
territory of Utah, as well as for a considerable portion of Idaho. A chart kindly 
furnished by Prof. Gilbert shows that Salt Lake fell from 1845 to 1849 ; rose to 
1856, fell to 1860 ; rose to 1873, and fell, with a slight interruption, until 1884, 
and rose until 1886, since which time it nas a slightly falling tendency. It is 
significant that while the first two minima were substantially the same in 1849 
and 1860, yet the minimum of 1884 is at about the same height as the maximum 
of 1856, and is over a foot above the maximum of 1845. As the country adjacent 
to the lake is substantially level, it follows that any increase in the height of the 
water must be most gradual, since the area of the lake, and consequently the 
evaporating surface of water, is largely increased. This consideration would 
not oe so important in some portions of the United States, but in a region where 
the annual evaporation cannot be far firom 6 or 7 ft., it is a very pertinent fact. 

" The changes in the level of Salt Lake are perhaps best shown by five-year 
periods, beginning with 1845. The elevation above jsero (lowest water-level) for 
five-year periods is as follows : — 





Ft. 




Ft. 




Ft 


1845 to 1849 


2-1 


1860 to 1864 


3-6 


1875 to 1879 


11-5 


1850 to 1854 


3-4 


1865 to 1869 


9-6 


1880 to 1884 


6-4 


1855 to 1859 


5-2 


1870 to 1874 


12-6 


1885 to 1887 


8-2 



" It is a significant fact, which may, however, be overrated, that the greatest and 
most rapid rise of the water of Salt Lake occurred between the years 1862 and 1870, 
that is to say, during tlie period when the amount of land being brought under culti- 
vation and the quantity of vegetation and the number of trees were most largely in- 
creasing. This increase of height in Great Salt Lake continued, too, despite the 
fact that irrigation canals were being brought into extensive use, so that large 
quantities of water which otherwise would nave run into the lake were diverted 
to watering the irrigable (sic]) lands, and were absorbed by the soil or evaporated 
in the dry air of that region.^' 
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RECENT PUBLICATIONS. 

Amwhtcan Meteobological Joubnal. Vol. Ym. Nos. 1-2. May and June 

1891. 8yo. 

GontainB, among other articles, the following information :— Cold Waves : bv 
Prof. T. Bnssell (8 pp.)* — Parhelia and Paraselene at Grand Forks, North 
Dakota : by Prof. L. Estes (2 pp.). — ^How could the Weather Service best promote 
Agrionltnre ? : by Prof. M. W. Harrington (8 pp.). — Is the Influenza spread by 
the wind ? : by Dr. H. H. Hildebrandraon (5 pp.). The result of the author's 
investigation is that the influenza is propagated by infection, and conducted from 
place to place through human circulation, and that the time of incubation is two 
to Ihree days. The state of the weather seemed to have had no influence on 
this sickness. In fact the influenza raged with the same severity in countries 
possessing very different climates, and during very different weather conditions. — 
An ink recorder for the electrical anemometer : by S. P. Fergusson (2 pp.). — ^A 
brief notice respecting Photography in relation to meteorological work: by 
G. M. Whi|Mple (6 pp.). — ^Application of Photography to meteorological pheno- 
mena : by W. Marriott (7 pp.). These two papers have been reprinted from the 
Quarterly Journal of the Royal Meteorological Society ^ Vol. XVI., July 1890. — New 
England Meteorological Society (20 pp.). This gives the papers read at the 
meeting held on April 18th, 1891, when the subject for discussion was Weather 
Prediction. — ^Weather Prediction in the States and its improvement : by M. W. 
Harrington (10 pp.). — Farwell*s Bainfall scheme (7 pp.). 

BiHANO TILL EoNOL. SvENSKA Vetbnskaps-Akadbhiens Handlinoab. Band 
XVI.,Afd. 1. No. 6. 1891. 8vo. 

Contains: i^tudes des conditions m^t^orologiques k Taide de cartes synop- 
tiques representant la density de Pair : par N. Eldiolm (86 pp. and 18 plates). Dr. 
Ekholm has traced for a number of davs lines which ne now calls isodenses, 
representing the density of the air calculated according to a formula which he 
gives. He finds, speakmg generally, 1. That the isodenses run parallel to the 
coasts. 2. That whenever a depression exists the rarefied air is found to the 
0oath and east of the centre, and the dense air to the north and west. If these 
are not strongly marked the depression has slight intensity, and vice versa when 
they are strongly contrasted. 8. If a contrast between densities of the air in 
districts close to each other appears, a depression will be found there. This was 
notably the case in the cyclone of October 24th, 1882, which appeared suddenly 
•over the Channel, and Dr. Ekholm gives other similar examples from Scandinavia. 
He finds, as regards probable direction of advance of depressions, that it is 
generally the case that they advance along the tangent to the isobars at the point 
where the gradient is steepest, and in we direction of the wind there. If the 
isobars are uniformly distributed round the centre, it will be found that the 
<^done will advance along the isodenses, leaving the rarefied air on its right- 
hand side. 

Ctclone Memoibs. Part m. Published by the Meteorological Department 
of the Government of India, under the direction of J. Eliot, M.A., 
Meteorological Reporter. 1890. 8vo. 165 pp. and 29 plates. 

This contains an account of the cyclonic storm of September 18th to 20th, 
1888, and of the cvdone of October 27th to 81st, in the Bay of Bengal ; and the 
ctvdone of November 6th to 9th, 1888, in the Arabian Sea. Mr. EHot says that 
the following appear to be some of the more important inferences with regard to 
the constitution and motion of the cyclonic storms, and, therefore, probably of 
cydones generally in the Indian area : — 1. That the winds differ considerably 
in intensity in different quadrants, and that this difference is mainly caused by 
the fiEu^t that the humid winds which maintain the vigorous circulation of the 
cydone enter mainly in one quadrant. 2. The amount of ascensional movement 
or uptake differs very considerably in different quadrants, and is usually most 
rapid and vigorous in the advancing quadrant at some little distance in front of 
the centre. 8. In consequence of ascensional motion and rainfEill taking place 
most vigorously in the advancing quadrant, or in front of the cyclone, the isobars 
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are oval in form, and the longest diameter coincides approximately with the 
direction of the path of the centre. The centre of the cyclonic circulation and 
of the storm is not in the middle of this diameter, but is at some distance behind. 
As a farther consequence, the gradients are steepest in the rear of the storm 
'centre. 4. A consideration of the relations stated in the preceding show that a 
cyclonic circulation cannot be resolved into the translation of a rotating disc or 
mass of air. The fekct that the main supply of the energy is ai^lied in front of 
the cyclone suggests that it is perpetually renewed in front, and that, in &ot, tis 
motion and transmission are hence rather to be explained by some process 
analogous to the transmission of a wave. 5. The direction or line of advance of 
these storms appears to be mainly determined by the rainfall distribution. There 
is a very marked tendency for storms to form in and to run along the south-west 
monsoon trough of low pressure, if it be in existence at the time of the formation 
of the storm. 6. The lie of the south-west monsoon trough of low pressure at 
any time, and hence also of the most probable tracts of cyclonic storms at that 
time, depends upon the relative strengths and extension of the two currents. 
When both are blowing strongly, as is usually the case in July and August, ihe 
most probable direction of motion of a cyclonic storm at such a time is west with 
a slight curving to north, if the storm continues its course westwards after passing 
into the Central Provinces. If the Bombay current be weak, the storm will 
probably either break up in the Central Provmces or recurve rapidly to north. 

Meteobolooische Zeitschbift. Herausgegeben von Dr. J. Hann mid Dr» 
W. EoppEN. April to June 1891. 4to. 

The principal articles are : — Die Hagelschlage des 21 August 1890 im Steier- 
mark : von Prof. E. Prohaska (8 pp.). This is an account of the phenomena 
in Styria which accompanied the whurlwinds and hailstorms in France and North 
Italy which have already been noticed in this Journal. Prof. Prohaska gives an 
account of three storms with terrific hail which passed along the same tnust 
between 5 and 7 p.m. on that day. The hail was of the size of goose eggs in 
some cases, and masses of stones were frozen together by regelation in court- 
yards to the depth of a metre, and you could hardly push a stick into them. 
The contour of the country had no iimuence on the track ; it was determined by 
the isobars and went straight over mountain and valley. Its speed was greatest 
over flat country, so that mountains retarded it. Among the most interesting 
observations was that of the clouds ; before each of the storms masses of cloud 
were sucked in towards the approaching storm, and moved with great rapidity. 
The thunder and lightning was very slight. — ^Die LuftdruokverhSltnesse von 
Erakau nach den stUndlichen Barographen-Aufzeichnungen (1858-1888) : von 
Dr. B. B. Buszczynski (7 pp.). — Eine Beziehung zwischen dem Luftdrudc und 
dem Stundenwinkel des Mondes: von B. Bomstein (10 pp.). This is an attempt 
to connect the barometer with the lunar day. Dr. Bomstein has taken the 
continuous records for several years for Vienna, Berlin, Hamburg, and Eeitum in 
Sylt. He gives the following results : 1. The existence of an atmospheric tide 
is not traceable in the barometer records. 2. At Berlin, Hamburg, and Vienna, 
he finds a single oscillation of which the TniniTnTim occurs at moonrise. Thiff is 
true also at Eeitum, but there the curve shows complications which Dr. Born- 
stein is disposed to connect with the tidal phenomena of the sea, but says that 
he requires a much longer series of observations than the 10 years he has 
available to establish this relation. — Bemerkungen eines Btatistikers iiber 
meteorologische Mittelzahlen : von E. Bramer (8 pp.). This is a note by a 
statistician on the best mode of interpolation to fill gaps in meteorological obser- 
vations, particularly of the barometer, and it contains at the end some valuable 
remarks, probably by Dr. Hann, which are well worth a study. — Resultate der 
meteorologischen Beobachtungen auf dem Gipfel von Pike's Peak (Colorado) 
4,808 metres (14,184 feet) nach Beobachtungen von November 1874 bis inclusive 
Juni 1888 : von J. Hann (20 pp.). This is an analysis of Pickering's Publication 
in the Annah of the Harvard College Observatory published out of the Boyden 
Fund. Dr. Hann gives long extracts from the daily journals to show what the 
experiences of the observers were, and translates Mr. Abercromby's account of 
his visit. It is remarkable that mountain sickness attacked almost everyone, 
though elsewhere it does not prevail at the height of 14,000 feet. — Eduard 
BrUckner : Elimaschwankungen seit 1 ,700, nebst Bemerkungen uber die Eliina- 
Bchwankungen der Diluvialzeit (9 pp.). There are two papers on the oscillation 
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of climate in the June ntunber. The first is by Dr. Eremser, and is a summary 
of Prof. Briickner's book of which the title is given above. The second is by 
Prof. Briickner, and is a notice of Bichter*s Geschichte der Schwanktingen der 
Alpengletscher, which appeared in the Journal of the Alpenverein for the present 
year (8 pp.). Bruckner deals firstly with the oscillation of large lakes like the 
Oaroian as fsur as he can get data, and then treats of rainfi&ll since 1830. He 
finds a 85 year period, and also maintains that at the glacial epoch the mean 
temperature was not more than 8° F. or 10° F. lower than at present. Bichter's 
independent inquiry deals with the glaciers. He finds also a mean oscillation of 
85 years, and he maintains that all the stories of passes now closed by ice having 
been used in past ages, are not corroborated by any evidence now to be found. 

Repertorium fur Mbteorologie. Heraasgegeben von der Eaiserlichen- 
Akademie der Wissenschaften. Band ^V. No. 9. 1891. 4to. 

This contains a paper by Dr. Wild, entitled ** Ueber den Einfluss der Aufstel- 
lung auf die Angaben der Thermometer zur Bestimmung der Lufbtemperatur " 
(71 pp. and 2 plates). This is a contribution to a much d^ussed subject. Prof. 
Wild, however, has not on this occasion compared any of the modes of exposure 
employed in Western Europe. He has taken (1) his own screen composed of 
two concentric cylinders of zinc. 2. A screen, called by him the louvre screen, 
made of sheet brass and partially louvred. 8. A screen made of brass like No. 
1, erected on north side of observatory. 4. A set of thermometers suspended 
on a post at different Heights and separated firom each other, and screened from 
the sun by sheet brass ; this protection being rotated to suit the sun*8 position. 
As to instruments, he employed, in addition to ordinary thermometers, Hasler's 
metallio thermometer, Bichard's thermograph, and Negretti and Zambra*s turn- 
over thermometer ; ventilation was applied in all cases where it was possible. 
The comparisons are set out in very great detail. The final conclusions are for 
annual means : 1. The louvre screen gave right results with and without ventila- 
tion. 2. The Wild screen gave without ventilation a mean 0*^*1 centigrade too 
high. The brass screen on north side of house ventilated gave 0°*1 too low ; the 
thermometers on the post gave means too low. A thermometer Iving on the 
bare ground or on snow in winter gave a mean 1°'8 too high. These general 
results show considerable variation according to the season, and even greater 
when examined from the point of view of diunial range, but for these details we 
most refer to the original paper. 

Stmons'b Monthly MBTEOROLoaioAL Magazine. April to June 1891. Nos. 
808-806. 8yo. 

The principal articles are : — The great snowstorm of March 1891 (7 pp.). The 
area visited seems to have been a belt about 120 miles wide, extending from about 
Cheltenham on the north to Jersey on the south, or say firom Colchester on the 
north to Dieppe on the south, and reaching firom the south of Ireland eastwards 
to Holland. The snow was much deeper in Cornwall and Devonshire than any- 
where else. — The theory of halos and parhelia : by the Bev. A. E. CherriU (12 
pp.). — A changeable May (4 pp.). 

Tbamsaotions of the Sanitary Institutb. Vol. XI. 1890. 8?o. 852 pp. 
1891. 

This is principally a record of the Congress held at Brighton in August 1890. 
The meteorological papers were : — The climate of Brighton : by F. E. Sawyer 
(9 pp.). This is a summary of 21 veEu*s* observations, 1868-1888. — Teneriffe as a 
health resort : by G. W. Struttell (6 pp.). 
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It is doubtful whether a correct knowledge of the causes which originate and 
maintain a cyclonic disturbance would be of much practical importance in the 
way of enabling better forecasts to be made, but the subject is one of such 
great interest, and also it ma}- be said of such complexity, that a discussion 
of the problem should be welcome. 

There are certain facts relating to these storms which are well known, and 
with which any theory on the subject must agree ; there are also cer- 
tain well-established mechanical and physical laws, amongst which the prin- 
ciple of the conservation of energy stands first, without reference to which 
an inquiry into the causes of the phenomena is impossible. 

It is admitted on all hands that the unequal heating of the surface of the 
earth by the sun's rays is the primary cause of all wind, but considerable un- 
certainty prevails as to the exact method by which the final result is brought 
about. 
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At first sight it appears strange that the warmest strata of the air should 
be those lying nearest to the earth's surface ; with sea water the exact oppo- 
site holds, the coldest water being at the bottom of the great oceans, and the 
warmest at the surface. Equilibrium is impossible with a layer of warm 
water lying below a layer of cold, and the same is true of air provided the 
two layers be at the same pressure. In the atmosphere the air is compressed 
by the superincumbent mass, and as we ascend the pressure becomes less, the 
change at sea-level being about one-tenth of an inch of mercury for every 
90 ft. When the air becomes subject to a decrease of pressure it expands 
and at the same time becomes cooler, aud the amount of cooling which will 
occur from this cause when dry air is raised 90 ft. above sea-level is about 
0°-5. 

It is strange that a fact so well known should be often ignored, but since 
it is so, it may be well to point out that this cooling does really occur. The 
common experiment showing the condensation which occurs in the receiver 
of an air pump may be cited. In this case the air rapidly assumes the tem- 
perature of the walls of the receiver, and the cloud disappears almost as soon 
as it is formed. If another proof be required it may he found in a study of 
the method of obtaining the low temperature by which meat is carried 
through the tropics, the storage rooms being kept considerably below the 
freezing point by the expansion and consequent cooling of air. This prin- 
ciple is of great importance in meteorology, for it is due to it that the air in 
contact with the earth is generally warmer than the air above. The ques- 
tion whether air will ascend depends not upon whether it is warmer than the 
air above it, but upon whether it is so much warmer that after its asc4}nt, ex- 
pansion, and cooling, it will then be warmer than the air at its new level.^ 

Under ordinary circumstances this ascent of warm air will not occur, for 
dry air when raised in height generally becomes cooler than the surroimding 
atmosphere, and conversely dry air in descending generally becomes warmer. 

It is not necessary that the change of pressure should be produced by a 
change of altitude ; change of locality from a position of high to a position of 
low barometrical pressure will have the same cooling or warming effect, hence, 
unless other circumstances of more importance interfered, a higher temperature 
would always be found to accompany anticyclonic conditions of weather. 

The rate of cooling given above refers only to dry air ; it must also be re- 
membered that although expanding air is invariably cooled in virtue of its 
expansion, yet it may happen that it is at the same time recei\4ug heat from 
some external source, by passing over warm land or sea for example, so that 
the final result may be an increase of temperature. 

When air containing vapour expands and cools, the change of temperature 
follows practically the same rule as that which applies to dry air until conden- 
sation occurs. As soon, however, as a cloud is formed, the latent heat set free 
by the condensation checks the cooling process, and the decrease of temperature 
proceeds much more slowly ; and thus it happens that the change of tempera- 

* jyeschajieVs Natural rUilosophy, Tart II. p. 502. 
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tore in a vertical direction is often such that moist air after ascending, cooling, 
and condensing some of its vapour, is still warmer than the surrounding air at 
its own level. Under these circumstances an upward convection current is 
formed, and according to the theory which has been so ably brought forward 
by Prof. Ferrel, this is the chief cause of a cyclone. 

Taming now to the storms themselves, it is well known (1) that they do 
not occur on the Equator ; (2) that, speaking roughly, the winds blow in 
circles round the central barometrical depression ; (8) that there is a decided 
indraft of air towards the centre, the wind directions being more or less 
inclined to the isobars ; (4) that the central parts are generally characterised 
by clouds and rain. 

Without entering into any strict calculation it is easy to see that, what- 
ever the cause of the storm, the centrifugal force due to the circular motion 
must be accompanied by a decrease of pressure at the centre. It follows also 
from (8) that there must bo a decided upward motion of the air somewhere in 
the central parts, for if this upward current is denied it is impossible to say 
what becomes of the air which is continually moving towards the centre. It 
cannot become annihilated, neither can it sink into the ground, it must there- 
fore ascend and flow out above. 

It will be well now to trace as far as possible the changes of temperature 
which accompany the vertical circulation. 

In rising in the central parts the change is probably adiabatic, for there is 
nothing in contact with the air to which it can give, or from which it can 
receive heat. It can hardly lose heat by radiation, or receive it by the direct 
action of the sun's rays, for, as a rule, the ascending current is covered by a 
dense layer of clouds. Dr. Hann thinks that the air is cooled by the cold rain 
or snow falling from a higher level, but it appears to me that this is only partly 
the case. Raindrops descend with a nearly uniform velocity, which never 
reaches a very high value, even with the largest drops, and it is known that 
if the velocity of a drop is not increased it is warmed 1° by friction with the 
air for every 772 ft. that it falls, or if not warmed it imparts an equivalent 
amount of heat to the air. My father made many observations on the tem- 
perature of rain, and found it invariably above that of the wet bulb, and 
generally above the temperature of the dry bulb thermometer. The falling 
drops must, however, to some extent impede the upward flow of the air. The 
adiabatic rate of cooling depends on the amount of moisture and the tempera- 
tare. Tables have been drawn up by Dr. Hann and translated by Prof. Abbe 
{Smithsonian Report 1877) showing the amount under various conditions. 
Without entering into details, it is sufficient to remark that the air in ascending 
is cooled through a considerable range of temperature, but that, owing to the 
latent heat set free by the condensation which forms the clouds and rain, it 
is not cooled so much as dry air would be in rising to the same height. 

There is reason to think that the air in its passage as an upper current to 
anticyclonic regions is considerably cooled by radiation into space. It carries 
with it a certain amount of water in the form of ice crystals, which we see 
as cirrus cloud. Pare snow is but very little aflected by the sun's rays, the 
beat being reflected, but it is a very good radiator, and therefore it is probable 
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that the cirrus cloud, and through it the air in which it floato, is coded by 
radiation to a greater extent than it is warmed by the sun. 

In descending from the higher level the air is doubtless wanned by the 
increase of pressure. If the change of temperature be purely adiahatic, the rise 
of temperature will exceed in amount the fall which occurred in the ascent ; for 
in this case there is no water to be evaporated, and thus use up the heat, the 
equivalent of which was given out by condensation in the ascending current. 
It seems probable that the change is adiabatic, for air is a bad radiator, and dry 
air allows the sun's rays to pass without absorbing much heat. There are, how- 
ever, two points to be remembered ; since the region of the descending current 
is anticy clonic, there is no upper cloud covering to prevent radiation ; and 
also the current probably occupies a much larger ^ace than it did in ascend- 
ing, hence it has a smaller velocity and more time is allowed for radiation to 
take ofi'ect. 

In passing near the earth's surface from a region of high pressure towards the 
centre of a storm, the air does not travel in a straight line ; it therefore comes 
in contact with a large extent of surface, throughout different parts of which 
widely different temperature conditions prevail. Hence it is impossible to 
say what change of temperature will occur by contact with the earth's sur- 
face, but it may safely be asserted that this contact will be the predominant 
factor in the determination of the final temperature. Two points also are 
clear, tlie air will be cooled in virtue of the decrease of pressure to which it 
is subjected in approaching the centre, and also in its passage it will receive 
a large amount of moisture and roach the centre as a damp wind : this will 
be the case particularly where the course has been over the sea or wet ground. 

The above rough outline of the circulation has been given without refer- 
ence to the causes which produce it, or to the various influences which often 
largely modify the result ; it is, however, I think fairly applicable to the 
average case. 

Two theories have been suggested to account for the phenomena of storms. 
One, the convectional theory, is that the central air rises in consequence of its 
greater relative warmth, this warmth being produced by the latent heat set 
free by condensation. It must be remembered that an absolutely higher 
temperature in the centre is not required, but only such a temperature that, 
after the adiabatic heating produced by a change of position without change 
of level to regions of higher barometrical pressure the air, may then be warmer 
than the strata lying at its own level. Thus, if the depression of the mercury 
iu the centre be one inch, this difference of pressure will account for a difference 
of 5° of temperature, and thus air in the centre will rise, unless it be more than 
5'^ below tlio temperature of the air outside the depression at its own level. 

It can be shown that if from any cause an upward current be established, 
the air rushing in to supply its place will receive, in consequence of the 
rotation of the earth (unless the locality be close to the equator), the eddying 
circular motion characteristic of a cyclone,^ so that the convectional theory 
whether true or not, is capable of producing the effect. 

1 Routh'9 Bigid Dynamics^ Chap V. p. 264 and f. • 
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The other theory is that the storms are circular eddies produced by 
the general motion of the atmosphere as & whole, just as small water eddies 
are formed in a flowing stream of water. If an eddy of this kind were pro- 
daced in the upper air it would, owing to the centrifugal force, lessen the air 
pressure at the centre, the air below would rise, and the eddying motion would 
soon extend to the earth's surface. 

It appears to me that the convectional theory is the most probable, for 
according to it a copious supply of moisture is required to maintain the energy 
of a storm, and it has often been noticed that these storms follow the course 
of the Gulf Stream, where the moisture is supplied by the warm sea water. 
A short study too of the secondary disturbances which often appear in winter 
will show that they exhibit a decided preference for the sea, often travelling up 
the English Channel or down the North Sea, in preference to passing over 
the land. This theory also explains the permanency of wet or dry weather 
when once thoroughly estabUshed, for dry weather having once set in, the 
moisture required to maintain a cyclonic disturbance is absent, and conversely 
the place where the air and ground are damp from previous rain is the place 
over which a storm is most likely to travel. 

The other theory will equally well explain the formation of rain at the 
centre, produced by the d3mamic cooling of the ascending current ; it is 
also easy to suppose that the storm would be most violent over the sea 
where the surface wind is least impeded by friction, but it seems to me that 
to prove it to be the true theory it is necessary to show that storms are most 
numerous on the lee side of mountain ranges, that is to say on the western 
side in the tropics, and the eastern in temperate latitudes. Eddies in a 
stream are most frequent where the even flow of the water is disturbed by 
irregularities in the sides or bottom, and apparently the same rule ought to 
hold for air. 

Unfortunjitely, wo have very little information about the temperature of the 
upper air. Mountain observatories throw some light on it, but of course they 
cannot exist over the sea, where the results would be especially interesting. 
Again, it is a question whether the temperature observed on a mountain is 
ideuticul with the average air ti'iiiperature at the same level. Probably the 
two temperatures would agi'ee in windy weather, but it is doubtful whether 
they would do so in a calm. A knowledge of these temperatures would aflord 
a direct proof or refutation of the convectional theory, but it is difficult to see 
how this knowledge can be obtained. 



DISCUSSION. 

Mr. Gaster said that it was very difficult to follow this paper, as it was one 
which required very careful consideration, and could not be adequately discussed 
after hearing it merely read through once. He took exception to the statement 
that temperature in an anticyclone is higher than in a cyclone. In the winter 
months, at all events, the condition is exactly the reverse, and he should wish for 
statistical evidence before accepting the statement as it stood. The determina- 
tion of the true temperature of the air in cyclones and anticyclones is surrounded 
with difliculties. With an anticyclone there is, as a rule, little cloud, and the rudia- 
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tion of heat from the earth's surface at uight and in winter is then venr large ; Uie 
question which arises is, therefore, how much of the cold observed unaer such cir- 
cimistances is due to radiation, and how much to the downrush of air. A cyclone is 
accompanied with a very cloudy sky and often rain, so that there is little radiation. 
He had an idea that a series of good simultaneous temperature observations taken 
at sea, where the effect of radiation both terrestrial and solar is exceedingly small, 
would greatly assist in solving the question whether the low temperature in the 
centre of an anticyclone is due to the downrush of cold air from higher regions, or 
to the effect of radiation. 

Capt. Wilson -Barker said that he agreed, to a certain extent, with Mr. 
Gaster's remarks concerning the relative temperature of cyclones and anticy- 
clones. He thought that Dr. Hann had gone too far in the conclusions he had 
drawn from the results of observations made at mountain observatories, for he 
(Capt. Wilson -Barker) believed that such observations might at times be very 
misleading in studying the question of the vertical circulation of the atmosphere. 
Observations taken at sea would be of great value ; and now that captive bal- 
loons were being used by ships, he thought we might hope for some light to be 
thrown on the subject of the vertical circulation in the atmosphere, in a manner 
which could never be attained by observations over the land. He was glad to 
see that Mr. Dines had taken up the subject. 

Mr. Bruce said that balloons could undoubtedly be of great service in inves- 
tigating atmospheric conditions at various elevations above the earth's surface ; 
and for such a purpose it would not be necessary to use large balloons, such as 
would carry persons, but small balloons of sufficient capacity to carry a few in- 
struments would bo all that need be used. 

Inspector-General Lawson drew attention to Col. Reid's description of the 
great hurricane which occurred at Barbadoes on August 10, 1881, and described 
the circulation of the air as indicated by the wind changes experienced at the 
various places which came under the influence of this hurricane. This com- 
menced in the immediate vicinity of Barbadoes : in the evening its centre passed 
over that island, and travelled between St. Vincent and St. Lucia. Dming this 
course the winds which occiu'red were mainly from the North-east, then, after 
a short lull, from North-west, and after another lull, from the South-west, the first 
and last being aerial ciurrents seen almost every di\y at Barbadoes, and that from 
the North-west between the other two, and visible occasionally only. All the 
changes occurred at Barbadoes ; at St. Lucia the North-easterly gale was met with at 
the north end of the island, at its south end this was followed by a South-westerly 
one ; and at St. Vincent the hurricane commenced at North-west, and shifted to 
South-west, then backing to the South-east gradually ceased. At Barbadoes, 
diuing the violence of the gale, the wind backed about eight points each shift ; at 
St. Vincent a similar quantity, but at St. Lucia sixteen ; but nowhere was there 
a gradual shift, as it is usually supposed to do in a circular storm. 

Mr. C. Harding said that he was very glad that Mr. Dines was working on 
the same lines as Prof. Ferrel, in America, as a worker at home in this direction 
was much needed. He did not think Mr. Gaster*s idea of organising air tem- 
perature obser\'ations over the sea was at all necessary, for if provided with the 
temperature of the sea, he could give a very close approximation to the tempera- 
tiu-e of the air immediately above it. Mr. Gaster had said that the sky was clear 
when anticy clonic conditions prevailed, but during December last, when the 
weather in the British Islands was under the influence of a large anticyclonic area, 
the sky was completely overcast during nearly the whole of the month.* He heartily 
behoved in balloon observations, and only wished that somebody would work up 
all the observations which had already been made, especially those of Mr. Glaisher. 
It was often found by balloonists that the changes in the temperature of the varioufl 
Btrata of air passed through were vory irregular. Mr. Glaisher had found thai 
when an ascent was made ui the evening the air temperature increased for some 
considerable distance from the earth's siurface instead of decreasing. He (Mr. 
Harding) was firmly persuaded that it was imperative that meteorologists should 
thoroughly study the laws which governed the movements of cyclones and anti- 
cyclones. 

The ruEsiDENT (Mr. Latham) said that he did not beheve much in the con- 
vection of air. lie had been told when making some experiments on under- 
groimd temperature, for which piu-pose long tubes sunk in the groimd were used 
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that he wonld have to make some allowance for the convection of air in these 
tubes, but he had not found it necessary to apply any correction whatever to the 
observations, which extended over a number of years. 

Mr. G ASTER remarked that he had imderstood Mr. Dines to say that the 
air travelled three or four times round the central area of a cyclone. He had 
never observed such an occxurence, and should much like to have such a case 
pointed out to him. 



ON BROGKEN SPECTRES IN A LONDON FOG. 



By a. W. Clayden, M.A., F.R.Met.Soc« 
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In October 1887 a paper* was read before the Royal Meteorological Society 
by Mr. Henry Sharpe upon Brocken Spectres and the Bows which sometimes 
accompany them. This interesting communication contained a large number 
of descriptions of the somewhat rare phenomenon, and from them the author 
drew certain conclusions. 

Some points, however, he left without any attempt at explanation, notably 
the dark rays occasionally seen in prolongation of the arms of a '* spectre,* 
or in some other way connected with it. 

Moreover, although he showed reasons for believing that the assignment 
of enlarged size to the shadow was due to an error of judgment in estimating 
its distance, ho offered no suggestion as to the reason for an error of very 
frequent occurrence. 

These two points I have often thought over, until I was led to the forma- 
tion of a theory by which they seetoed explicable. Several times have I 
begun to commit my ideas to >vriting, but only to abandon the attempt in the 
hope of obtaining some experimental evidence to lend thetn support. 

With this object in view I have repeatedly tried to raise my own ** spectre," 
but for a long time with indifferent success. 

Frequently I have fancied I could just make out my shadow on a fog at 
night by the light of a gas lamp. Three times also I have dimly seen a 
similar appearance by standing on the roof of my house when a fog was 
clearing, so that it still lay thick upon the ground while the sun was shining 
with a feeble histrc around me. None of these shadows, however, were clear 
enough for my purpose. I was conscious of their presence, but could see no 

definite details. 

On the night of February 17th, 1891, 1 was looking at such a faint shadow 
thrown by the light from a railway- carriage lamp, and it struck mo that ia 

1 Quarterly Journal. Vol. XIII. p. 24-5. 
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order to see it plainly all that was wanted was a brighter light and protection 
from croBB-lighta. 

The Saturday following there was fog, so I went ont into my garden and got 
my brother, Mr. C. E. Clayden, to bum some plaited strands of magneBinm 
ribbon a few feet behind me. Instantly there stood the long-soi^ht " spectre." 
Its head was sharply defined, its body fairly bo, but the brim of ita hat was pro- 
longed into long shadowy homa growing fainter and broader towards their tips. 
Its arms conld only be seen aB iudistinct masses of shadow when they were 
moved. There was a slight accesBion of light near the head, bntoo eoloored 
glories and no bow. 

The diagram (Fig. 1) gives a fair idea of what I saw. 

Having found that the phenomenon could bo produced, I -snhstitated a 
steady lime-ligbt for the spnttering magnesium and then called out my honse- 
hold to come and say what they saw. Each gave much the same doBCription. 




No one could see the shadow of any other, and if two of hb stood close to- 
gether our Bhadows merged into one. Thus, when my wife stood closetom; 
right side, the left-hand margin of my spectre was nnchangcd, bntontheri^t 
it simply faded away in broad masses of light and shade. 

I made several attempts to photograph the appearances, fixing the camen 
close in front of myself so that the lens should lie as nearly as posdhle in ths 
same position as my eye. None of these plates were sufficioitry exposed, 
and the fog cleared before I could try again. 

Monday the 23rd brouglit a denser mist, so I determined to make the 
CBmura photograph jts own " jjpwtre," placing a hat on top of the apparatm 



CLATDEK^-OK BEOGKEN 8PEGTBES IN A LONDON FOG. 211 

to show the dark rays in continuation of its brim. Exposures of 10 and 15 
minutes gave satisfactory results, and I am glad to bo able to show prints 
from the negatives. 

Whilst the photographs were in progress I made some measurements of my 
shadow. The head, about level with the ears, subtended the same angle as 
2 ins. at a distance of 12. A faint white bow visible on this occasion had 
an angular radius of 45° to its inner margin and 52° to its outer edge. No 
trace of colour could be detected. 

I noticed that the fog particles were so large, that within a foot of the 
light, where they were illuminated with great brilliancy, the individual drop- 
lets were plainly visible. The fog was very wet, everything being saturated 
with moisture, and the temperature about 89°. 

I found that if I breathed heavily, so that the condensed vapour drifted 
across the shadow, fragments of circular glories appeared fringing the head of 
a larger shadow than that on the fog. Indeed, I could see the fog shadow 
through the one cast on my breath. In a similar way, when I poured some 
hot water over a broom and waved it at arm's length on the windward side 
of the shadow, the veil of dense mist which drifted from it gave a shadow 
intermediate in size but no glories. 

One more observation was made, namely that if I stood about 8 or 10 ft. 
from the light the outlines of the shadow were very distinct, but they became 
less so as I moved away, until at a distance of about 20 ft. not a vestige of 
shadow could be seen. All parts of the fog seemed about equally illuminated 
by the irregular reflection of light from the particles nearer to the light. 

When I measured the angular width of my spectre I asked the others to say 
how far away their shadows seemed to be. After a little hesitation all agreed 
that they seemed to be '* about half across the garden," that is about 25 or 
20 ft. The size was gigantic enough, but then the light was ra<liated almost 
from a point. My own estimate was fully in accordance with the above, but 
I felt that it was quite impossible to feel any confidence in the judgment of 
the distance of such an intangible and rather vaguely defined object. 

When the mist became thinner, the spectre seemed to retire, and its augular 
width became less. The dark rays were always present. 

The observations suggest three questions : — 

Did we estimate the distance of the shadow correctly ? If not, how were 
we led astray ? What were the dark rays ? 

Now there are two ways of getting an answer to the first question — from 
the angular measurement of my shadow, and from the photographic image. 

First take my shadow. 

The semi-diameter of the head subtended an angle equal to 1 in, at a dis- 
tance of 12. This is an angle of about 4f °. 

The corresponding half-width of my head to the outer margin of the ears 
is about 8J ins,, and the light was about 100 ins. behind. Hence the angle 
between the line from the light to the centre of my head and the rny which 
just grazed my ear must have been about 2°. 

Thus if L (Fig. 2) is the light and EHF my head, the angle ELH is 2°, 
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Uao if H represents my eye, and the an^ DHS the am gnl^y width of the 
ihadow, the an^ AHS is 4}^. Hence LE and HS will meet mt some point, 
rhich most be the afttnal edge of the *' spectre.*" 

Now we have a triangle BLH, the angles of which are known, ^nA the 
relatiTe length of the sides can be calculated, so giving the distance T¥A- 
rhis comes oat about 6 ft. 

Now take the photograph. 



Fi^ 2 



s 

•T ' 



E ,. 



-& 



D 

Here the data are : — focus of lens 5^ ins.; width of hat 9} ins.; width of 
corresponding image 1^ ins.; distance of light 70 ins. From these figures 
the semi-diameter of the hat subtended an angle at the light of about SJ^, 
while the semi-diameter of the shadow gave an angle at the lens of 7 j°. A 
computation similar to that above given again gave a distance of about 6 ft. 

Of course all measurements of the angular diameter of the shadow or its 
ioiagc can only be approximately correct, but this fact makes it all the more 
remarkable that the two results should be practically the same. 

Moreover, their correctness is checked in other ways. One photograph 
shows the shadow partly projected on a paling, partly on the fog. It is obvious 
that the latter portion is larger than the former. Hence it is nearer. The 
paling was about 8 or 9 ft. away. Again the shadow on my breath was 
within a foot or so of my eye, the shadow on the steam from the hot water 
must have been 8 or 4 ft. away, and this last was intermediate in size between 
the breath shadow and the fog shadow. 

It therefore seems to be proved that the ** spectres*' were only about one 
quarter of their apparent distance from us. 

This leads us to the second question : Why were we mistaken ? But in 
order to answer it, and at the same time arrive at the explanation of the dark 
tays, perhaps it will be best to state certain postulates which I think no one 

will question. 

1, The brighter the illumination of a fog particle the larger it will look in 
consequence of irradiation ; 2. The nearer a given particle is to the source of 
light or to the edge of a cloud, the brighter will be its illumination ; 3. At a 
short distance from the source of light (or edge of the cloud) the particles are 
mainly illuminated by irregular reflection from particles which lie nearer. 
The result is that an object can then cast no distinct shadow even upon an 
opaque screen only a few foot distant. This point is reached long before the 
source of light ceases to be visible, as may easily be observed any time when 
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the snn is gradually dissipating a moraing fog, when it can he seen, and may 
even he quite dazzling to the eyes, before the hody can cast a distinct shadow. 

It follows from the first two statements that if a man is surrounded hy fog 
he will be ahle to see only a short distance into it where the particles are 
brightly illuminated, but where they are shaded by his body his eye will be 
able to penetrate much further. Everyone must have noticed how thin a 
veil of brightly illuminated mist is enough to completely hide objects beyond. 

When a man, therefore, looks at his shadow on a fog he is practically 
looking down a hole in that fog. The walls of this hole are made of bright 
and therefore opaque fog, while the hole itself, so to say, is filled with a mist 
which is comparatively transparent. 

Thus if L (Fig. 8) is the light, and MN the man's head, its shadow will 
be marked out by the lines BCD. At B the difference of illumination will be 
great ; at C the light outside the shadow will be fainter, and a larger propor- 
tion will be due to irregular reflection. At some distance DD, where the 
direct light can no longer cast a shadow, all parts of the fog will be equally 
illuminated, and the shadow cone will come to an end. 
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Moreover, as the observer looks down the shadow, its boundary will be 
bright at B, less bright at C, and at D the tint of the shadow wall will match 
that of the shadow itself. Clearly this point DD must determine the true 
position of the ** spectre.'* 




But when asked to estimate the size of the shadow ho will instinctively 
attempt to gauge its distance, and in order to do so he will not look at the 
opaque illuminated fog but rather at the shadow itself where the mist is com* 
paratively transparent. Hence it will be referred to a greater distance, 
\\ith the result that its apparent size S'H' (Fig. 4) will bo too great. 

The dark rays are simple enough. They are the gradually darkening 
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walls of the shadow. All parts of the spectre are really shaded off in this 
way, but where the tme shadow covers only a small angle this shaded margin 
is so small as to be hardly noticed. Where, on the other hand, the width is 
greater, the shading will cover a wider angle. 

Thus if A (Fig. 5) is the eye and A£ a narrow part of the man, and if BB 
marks the distance at which the darkening of the mist becomes visible, and 
SO the position of the shadow, then the angle FAO will give the apparent 




B' 




width of the shaded margin. Similarly, if MA is a wider part of the man its 
shaded margin will cover the angle BAS. These shaded margins are then 
unconsciously projected on the plane of SO. The darkest part of the ray 
matches the tint of the shadow and has the same dimensions, but the fainter 
parts of the ray shade off imperceptibly into the luminous mist, and since 
they are nearer to the eye they cover a wider angle and so look wider. The 
spreading out, in other words, is merely an effect of perspective. 

It seems also that the presence of the shaded fog within the shadow may 
affect the tint of the shadow and its luminous walls. In one sense the shaded 
particles will reflect some light from outside the shadow, so lightening its tint, 
while, on the other hand, they will tend to obliterate some of the light which 
might reach the eye from particles outside the shadow. But whichever 
effect were the stronger, the explanation of the appearances seen would not be 
affected. 

A reference to the figures will show that very little modification is neces- 
sary to make them equally applicable to what may be called natural Brocken 
Spectres, the dark rays seen by Mr. Abercromby and others, and the shadowy 
arms often seen, being obviously similar to the appearances we noticed. 
The overestimate of a ** spectre's" size will be similarly explained, and the in- 
ability of one person to see another's spectre is a consequence of the fact that 
the obser\'er looks through a wall of illuminated mist several feet in thick- 
ness, into its dark interior. 

If a person is in a fog, he must be close to its margin or the light will not 
throw a shadow. If he is on its margin he will see the phenomena to the 
best advantage. If he is outside it, but not too far away for the details of 
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his shadow to be sharp, he may be able to see down the shadows of others, 
but will not be able to see much of the dark rays. Again, when he is in or 
upon the margin of the mist his shadow will appear enlarged, and its apparent 
size will depend npon the density of the mist and the brightness of the light. 
If, on the other hand, the air is clear for several yards between him and the 
mist, the shadow onght not to seem larger than life size unless he is really 
looking throngh a thin wreath of bright mist at a shaded and much more dis- 
tant background. 

I have carefully studied the instances quoted by Mr. Sharpe. Some are 
couched in language which is evidently designed with a view to picturesque 
effect rather than accurate description, but if allowance is made for this, and 
if also it is borne in mind that the shadow of a man cannot possibly be sharp 
at a distance of a mile or more, it will be seen that the conclusions I have 
drawn are supported by fact. I also append a letter from Mr. J. E. Walker.**' 
of the Friends* School at Saffron Walden. He has twice witnessed the phe- 
nomenon. On one occasion he was in the fog, and his spectre seemed 1} 
times life size, but on the other he was in clear air and the cloud some dis- 
tance away (he gives the distance as about one mile, which is probably too 
great), and in this case the shadow was about life size. 

I have not entered upon the questions of bows and glories because my ex- 

* •• Spectres " in the English Lake District.— Three gentlemen and myself wit- 
nessed this phenomenon on Blakefell on a Jaly evening in 1873, ander the following 
conditions : — 

The sammit of the mountain is about 2,000 ft. above sea-level, and no high hills 
obstmct the view between it and the Irish Sea to the west. In front lies a deep boggy 
valley. We had reached the top shortly after 8 p.m., and were soon interested in 
watching the formation of a white cloud in the boggy valley beneath. Slowly the bank 
moved round to the left until it reached a position behind ours at a distance of about 
one mile, and had very much the appearance of ordinary cumulus. As the sun ncared 
the horizon our shadows became very clearly defined on the cloud. A hat thrown up 
was distinctly seen. In ten minutes the sun set and the spectres vanished. 

Conditions, &c. 

Place : Blakefell, Cumberland. 

Time : At sunset in July. 

Atmosphere : Clear, the day had been a hot dne. 

Size : Apparently not enlarged. 

Potition of Sun: Below us, so that the shadows were somewhat higher thon the 
mountain. 

Distance of Spectres : About 1 mile. 

On another occasion, I cannot recall the year, I was passing over Low Fell, which 
lies between Loweswater Lake and Lorton Valley, at Christmas. The valleys were filled 
with dense fog, the top of Low Fell, 1,400 ft., being just clear. With a scanty amount 
of visible vapour between me and tbe sun, my shadow was thrown upon the more dense 
fog beyond, and appeared to be increased in size to about 1 i times at a distance of 20 
yds. It was of -a very vapoury semi-transparent character, varying with the density or 
whiteness of the mist. The shadow was surrounded by a fog-bow, not showing pris- 
matic colours, which formed an arch over the figure and then converged to my feet. 
These phenomena accompanied me for half an hour and for nearly a mile as I crossed 
the hUl. 

Conditions, &c. 

Place : Low Fell. 

Time : 10 a.m., mid- winter. 

Atmosphere : Fogs of varying intensity, moving to and fro, with a clear grey blue 
above. Not. frosty. 

Size : Apparently li times larger than myself. 

Position of Sun : About level with the top of the mountain. 

Jno, E, Walker, 
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penmeotc vera not ntisfiiciory cooo^. Beriiaps some other ni^^ the fog 
nuj be in a dlttereni tondititm ftod I nu^ be mble to itii^ thfo also, but 
I am inclined to think that the Kme'li^it ia not brilliaiii anongh to ahow 
eokmred bands on an ordinary tog, Periiapa aome one who haa the eommand 
of a powerfol eleetrie li^ will pot thia matter to the teaL 

80 (ar, bowerer, aa the ahadowa themaehrea are eoneenied it will now be 
eaay for anyone to eonjnre np bia own apeetre, to be atodiad at leisure free 
from the glamour of magnificent sorronndingB. 



DISCUSSION. 

Mr. Bharfk Haid that he was gratified to find that Mr. Clay den had proved 
that the suggestion which he (Mr. Sharpe) had made in his pi^>er on *' Brocken 
HpectreM,** that the gigantic size was due to an error in judging distance, was 
correct. He conld not quite agree with Mr. Clayden^s explanation of the dark 
rays. 

l^f r. Whipplk said that when returning home firom the Kew Observatory, on 
foggy nights, he sometimes carried a lighted taper to guide him across the Old 
Veer Park. It was necessary to hold this somewhat behind him, and he had 
often seen his spectre projected on the fog. In fact, he had so frequently observed 
it that he had never regarded it as a noteworthy phenomenon. The shadow 
nsnally appeared to be about half as big again as lumself . 

Mr. Inwards remarked that there was a notable instance of error in judging 
the distance of the spectre in the letter from Mr. Walker, who estimated the dis- 
tance of the shadow as one mile, but at the same time said he saw the shadow of 
Ills hat when he threw it up in the air. 

Mr. 80UTHALL said that he once saw his spectre at the top of Snowdon, about 
a quarter of an hour before sunset : the shadow appeared to be very gigantic. 
Deception as to distance was very common on high mountains. 

Mr. Symonh said tliat Mr. Cla^^den appeared to have proved that the large 
sizes reported were due to error m judgmg distance, but the phenomena of the 
** glories ** which were sometimes seen still required to be accounted for. 

Mr. Clayden, in reply, said that he had every reason to believe that his expla- 
nation of the dark rays was the true one. As Mr. Inwards had pointed out, Mr. 
Walker*8 statement was a notable instance of exaggeration in judging distance. 
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AN ACCOUNT OF THE "LE8TE," OR HOT WIND OF MADEIRA. 
By H. Coupland Taylob, M.D., F.R Met.Soc, 



[Bec€ived March IGth.— Bead May 20tb, 1891.] 

I HAD intended bringing before this Society, with their permission, a sketch 
of the climate of Madeira, but finding it would necessarily extend to too great 
a length ; I am confining my present remarks to one of the most interesting 
phases of that climate, namely, to an account of the *'Leste," or hot wind 
which is occasionally experienced in that island. 

Being an invalid, I must beg for the indulgence of the Society for irregular 
times of observation and other defects the Fellows may discover in the follow- 
ing paper. 

I must first state that my instruments are placed in a regulation Stevenson 
screen, and the blackened bulb in vacuo thermometer upon a post about 4 ft. 
from the gi*ound. The maximum and minimum thermometers are by Casella, 
and duly tested at Kcw, while the hygrometer (Mason's dry and wet bulbs) is 
by Negrctti and Zambra. I also have had in use for some months a self- 
registering hair hygrometer by MM. Richard Fr^res of Paris, as likewise a 
thermograph by the same makers ; but no very severe Leste has occurred 
since I had them. 

This ** Leste " is a very dry and parching wind and sometimes very hot, 
blowing over the island from the East-north-east or East-south-east, and cor- 
responds to the Sirocco of Algeria or the hot North winds from the deserts of 
the interior experienced in Southern Australia, and locally known as ** Brick < 
fielders.** It has been likened also to what is known in Italy and Sicily as 
the Sirocco, but notwithstanding that both winds have the same origin they 
difier materially ; for this latter having become saturated with moisture in its 
passage over the Mediterranean, is, as a rule, damp and enervating, a great 
contrast to the Leste of Madeira, which, as I have before mentioned, is 
very dry. Occurring in such an equable climate, both as regards temperature 
and humidity, as that of Madeira, it possesses some special features of interest 
and no doubt attracts there a more general attention than it would do in some 
other more variable and extreme climates. 

Its general characteristics were thus described by Dr. Heineken, who took 
careful observations in Madeira over 60 years ago, from the years 1826-1881, 
and the description fairly depicts its general character. He says : — *< It 
reaches us immediately from the coast of Africa, after passing over 800 miles 
of sea ; not a cloud is to be seen during its continuance, the whole atmosphere 
is of one uniform unvaried blue ** (a rare occurrence in Madeira) ** of a peculiar 
character, as though viewed through what a painter would term a thin warm 
aerial haze. It blows from the east and south-east, lasts almost invariably 
three days, and encounters you like the pnfis from the month of an oven or 
furnace. . . . Birds and insects seem to suffer from it more or less. 
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. . . Famitare warps and cracks, books gape as they do when exposed 
to fire, and it is generally inconvenient and oppressive." 

Mr. Yate Johnson, in his Handbook to Madeira ^ in the excellent chapter on 
its climate, adds : — ^' It nsnally begins as a gentle warm breath, afterwards 
there is more motion and sometimes the wind increases to a strong breeze. 
. . . A thin haze extends over the land and gradually thickens oat at sea 
until the horizon is completely hidden, and in that direction a low bank of 
grey cload is seen in the oast and soath. In the earlier stages the Desertas 
are dimly perceived backed by a white cload, bat afterwards they become in< 
visible.'' (The Desertas are a small group of islands only 10 or 12 miles 
distant.) 

The special characteristics of this wind may now be described in more 
detail : — 

It doubtless originates on the heated deserts of the Sahara, and is strictly 
analogous to the Sirocco of Algeria. As the air becomes heated it rises 
there in whirlwinds, carrying with it quantities of sand and dust to be borne 
along for hundreds of miles out to sea above the cooler North-east Trade cur- 
rent. It then gradually descends far out in the Atlantic, where it is expe- 
rienced as a hot, dry, and often boisterous wind in Madeira and the Canary 
Islands, where it is called the ** Levante." The reason why it does not become 
moist and enervating like the Sirocco of Palermo and parts of Italy by passing 
over the intervening sea is, I presume, due to its travelling at a much higher 
altitude in the former case, and thus it does not come into contact with the 
sea till it reaches the longitude of Madeira or thereabouts. Bat this wind is, 
no doubt, frequently modified before reaching Madeira, and so it may be 
asked what constitutes a Leste ? and it is not always so easy to determine, as 
the indications of the slighter ones are not very pronounced, though those 
of a severe Leste are distinct enough. My opinion would be that there should 
be at least a difference of from 9° to 10^. between the dry and wet bulbs, 
and this not merely at midday but at the morning and evening readings, 
and that this should be accompanied by a distinct rise in the temperature. 
Such a degree of dryness as these readings would indicate is never expe- 
rienced in Madeira except when an Easterly wind is blowing. 

Its occurrence is quite uncertain. Many months may elapse without its 
occurring, whilst, on the other hand, two or three of greater or lesser in- 
tensity may bo felt within the course of a few weeks during the summer 
months. It is most frequent during the months of July, August, and Sep- 
tember ; it occasionally also visits the Island in various other months, but 
being modified by the cooler temperature prevailing, instead of being intensi- 
fied by the heat of sammcr, it passes by almost unnoticed by the public. If, 
however, the weather at such times is carefully watched, the sudden accession 
of a greater degree of dryness and warmth is clearly due to this cause. For 
example, on February 19th and 20th, 1889, the maximum suddenly rose from 
G4° on February 18th to 76° on the 19th, and the minimum from 58° 
to G6°'5, the significance of which is unmistakable when it is remembered 
that the extreme minimal for a week together frequently do not vary mor^ 
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than 2^. Again, on looking at the relative humidity we find the indications 
equally plain, for on the 18th the relative humidity was 74% ^^ ^^^ morning 
and 77^/0 in the evening, whereas on the following day it had fallen to 42% 
and ST/q respectively ! 

The duration of the Leste is generally stated to he three days, hut it may 
last only one day, and, on the other hand, it may last up to six or seven ; or, 
after lasting perhaps a day or two, it may seemingly disappear entirely for one 
day, only to recnr on the day following, e.g. July 19th to 21st, 1890. 

It is generally believed that the Leste is felt more severely at high eleva- 
tions in the Island than in localities nearer the level of the sea, bat this has 
been questioned ; on the whole, however, the evidence seems to establish the 
popular belief, although simultaneous observations have not been taken to a 
sufficient extent to absolutely prove it. But there seems no doubt of the fact 
that the climate on the hills is affected first, i.e. before that on the lower 
levels. For instance, on June 6th, 1890, a Leste was reported from Camacha 
(2,800 ft.) which was not felt in Funchal till the following day. Again, in 
a Leste noted by Dr. Langerhaus in September 1888, the minimum on the 
first day at an elevation of 1,200 ft. was 68^*5, whereas it was only 61° in 
Funchal. On July 10th, 1890, a Leste which was scarcely noticed at all 
in Funchal occurred at Camacha, when I registered a difference of more than 
20° between the dry and wet bulbs, indicating a relative humidity of only 

The force of this wind is often considerable, causing a rough sea with 
crested waves, and attaining a force of from 4 to 5 or even 6, on Beaufort's 
scale. During its onset it gradually supersedes, while during its subsidence 
it is again gradually superseded by, the North-east Trade mnd, which is 
generally blowing steadily over the Island of Madeira during the season of the 
year when the Leste most frequently occurs. 

As far as my observations go the barometer shows no certain or decided 
movement. As a rule it rises slightly at the commencement, though that is 
not invariably the case. The fall after the termination of the Leste is much 
more regular and decided than any rise that may have taken place at its 
onset. 

The sky is perfectly cloudless except for alow and ill-defined bank of cloud 
to the east and south-east horizon.^ There is, however, a decided haze both 
over land and sea as seen near sea level, which gradually obliterates the horizon 
and renders the Desertas invisible, though they are only about 10 miles distant 
and rise to the considerable elevation of 1,600 ft. This very marked haze, 
with such a dry wind and cloudless sky, is one of the most interesting features 
connected with the Leste, and many explanations of it have been offered. The 
usual one adopted has been that it is due to the particles of dust from the 
Sahara floating in the upper regions of the atmosphere ; indeed, dust has 

^ A peculiar oval-shaped cloud to which Prof. Piazzi Smith has called particular 
atlention is gometimes seen from Funohal at these times, and ii said to indicate a Loste 
blowing at a high elevation. 
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been deposited during violent Lestes in snfficient quantities to be collected by 
hand, bat this very rarely happens. That there is at these times an abnormal 
quantity of dust in the atmosphere, even though it is quite impalpable, might 
be also inferred from the strictly analogous winds experienced near the Gape 
Verde Islands, where the amount of dust in the atmosphere causes what is 
known as the Bed Fogs of those regions. Nevertheless, it is sometimes stated 
that the air during a Leste is ** particularly free from dust." This statement 
may be so far true that there does not, as a rule, seem sufficient dust i>er se in 
the air to produce the haze which I myself noticed. For when staying at an 
elevation of 2,800 ft. during the summer of 1890, when three Lestes occurred, 
the atmosphere appeared peculiarly clear and luminous on every occasion ; 
very different from the haze usually seen from Funchal. From the above 
considerations, however, the evidence seems to prove that there is an unusual 
amount of dust floating in the atmosphere. During a Leste in September 
1890 1 made an ascent to an elevation of 4,500 ft., and an observation I 
happened to make on that occasion may perhaps help to explain the nature 
of this haze. The haze on that day over sea and land was very marked, but 
the Desertas were just dimly visible. At an elevation of 2,800 ft. (Camacha) 
all the higher points around were, however, perfectly clear, and the atmosphere 
quite luminous and free from all haze. It was only on looking down to lower 
levels that the haze was apparent. Now, on making a further ascent to an 
elevation of about 8,500 ft., curiously, aU the highest points of the mountains 
in the Desertas began to stand out perfectly clear and distinct, while the whole 
lower thousand feet or so were barely visible, causing a remarkable effect. 
The difficulty in accounting for the haze lies in the fact that we cannot suppose 
it is of the nature of an ordinary sea mist ; for neither could the temperature 
of the sea bring the air in contact with it to anywhere near the dew point, 
nor is there known to be any counter-current of cool air during the height 
of the Leste either on land or sea to lower the temperature of the whole body 
of air to the point of precipitation. Bat now bearing in miud the extremely 
rapid evaporation which is going on from the sea under the existing condi- 
tions of temperature and humidity, secondly, the increased quantity of dust 
floating in the air at the time, and thirdly, the fact recently demonstrated by 
Mr. Aitken that a solid nucleus is always necessary for the condensation of 
watery vapour in the forms of fogs, mists, and clouds, may not the largely in- 
creased number of dust particles in the air have the power of attracting 
around themselves, and thus condensing some portion of the watery vapoor 
arising from the sea in such large quantities and thus producing the haze, 
which the simple presence of impalpable dust in the air is not capable of 
doing? Thus while the haze is visible at the sea level and up to a certain 
altitude, at higher elevations, where the dry air still persists, the air remains 
clear and luminous. 

We will now pass on to consider the conditions of temperature and 
humidity accompanying a Leste. The temperature rises considerably, but 
never reaches the intense heat experienced during the hot winds of Southern 
Australia or South Africa. The highest temperature reached is rarely mudi 
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above 90°, but this temperature being accompanied by a wind of considerable 
force and of great dryness, is decidedly felt both by tie inhabitants and also 
by the vegetation of an island climate with such an equable temperature. The 
highest temperature I can find recorded is 98°. During a Leste lasting from 
July 26th to 29th, 1882, recorded by Dr. Langerhaus, the thermometer rose 
90*4°, and the highest minimum was 74*5°. The minima are not as a 
rule so much higher than the average minimum as might have been expected 
with a continuance of the wind ; a result due probably to the much less force 
with which it usually blows during the night, and to the rapid radiation taking 
place from the dryness of the air. 

The relative humidity shows a marked variation from the mean, falling 
sometimes as low as from 20 to 257o* ^Q ^^^ above-named Leste recorded 
by Dr. Langerhaus in 1882, the relative humidity was as low as 19%. It is 
remarkable how suddenly the change may take place. For instance, on July 
9th, 1890, at 5 p.m., the dew was falling fast, the dry and wet bulbs standing 
respectively 61° and 69°, indicating a relative humidity of 88%, yet at 7.80 
p.m. the dew had entirely disappeared and the relative humidity had fallen to 
48%, there being 12° 'difference between the readings of the dry and wet 
bulbs. 

The maximum reading in the sun by the blackened bulb in vacuo indicates 
during a Leste only a slightly higher temperature than on ordinary fine and 
clear days, though the heat of the sun feels very scorching, but the maximum 
solar intensity is usually less than on such a day ; thus during a Leste in June 
1890 at Fnnchal the shade maximum was 87°i the maximum in the sou 189°, 
and the maximum solar intensity therefore 52°; while on a fine day, e.g, June 
21st, with the considerable humidity of 71%) the shade maximum was 78*5°, 
the sun maximum 184°, and the solar intensity 60*5°. At an elevation of 
2,800 ft. the same result obtained. On September 1st, with the difference of 
18° between the dry and wet bulbs, or a relative humidity of only 84%, the 
solar intensity was only 52°, while on a clear day, with a relative humidity at 
noon of 72%, the solar intensity was 65°. Very similar results, though 
generally with slightly lower solar intensities, were obtained when the read- 
ings of the sun and shade temperatares were taken synchronously at noon, 
which is, perhaps, a more accurate method than taking the maximum of each 
for the day. 

From these observations it would appear that the amount of moisture does 
not lessen the heat of the sun as much as would have been expected, or else 
on the occasion of the Leste the large amount of other suspended matter in 
the air interferes equally with it. The amount of ozone in the air is much 
diminished during a Leste. In a Leste of July 1890, during the three days of 
its most marked prevalence, the mean was 2*1 in a scale of — 10, whereas 
on the six previous days it averaged 4*5, or more than twice as much. When 
the Leste has blown itself out it is almost invariably followed by rain or a 
thick mist, for as it is gradually replaced by the cooler North-east wind, which 
is the prevailing wind all the year round in Madeira {vide Dr. Buchan's 
Bejwrt on Atmospheric Cireulaiion — Ohallenger Expedition)^ the temperature . 
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falls, and the large amonnt of moistnre absorbed into the air becomes con- 
densed. This is well seen in the Leste which occurred in June 1890, and of 
which I append an accoont with others illnstrating the foregoing statements. 



TABLE I. 
Lestb OBsinvn) bt Db. Lahobbhauh at an elevation of 1,850 ft. 



Date. 


Temperature. 


BelatiYe Humidity. 


Min. 


Max. 


9 ajn. 


12 Noon. 


9 p.m. 


Jaly 1882. 

26th 

27th 

28th 

29th 



656 

717 

74-4 

70-3 


8|-8 

84-9 
90-5 

79*1 


7o 
70 

47 

19 
67 


7o 
73 
33 

»3 
63 


47* 

46 
66 

66 



> Leste set in suddenly between noon and 9 p.m. on 26th. 



TABLE U. 
Lbbtb of sbobt dubation, not bzpebienced to ant bxtint in Funobal, showino 

SUDDEN onset AVTEB SUNSET. 

Observations taken at Camaoha at elevation of 2,300 ft. 
July 9th, i890.»Min. 46***5. Max. 72°'5. 





Dry Bulb. 


Wet Bulb. 


Bel 


. Humid. 


Dew Point. 


10 a.m 


69 



622 




'k 




567 


5 p<n^ 


61 


59 




88 


57-3 


7.30 p.m. • • 


59 


47 




43 


36-3 


9 p.m 


S3 


45 




55 


37 



Grass, fto. wet with dew at 5 p.m., but all disappeared aud quite dried up by 7.30 
p.m. Cloudless day and Wind o. Vane showing NE. 



July loth.— Min. 46^ Max. 77°'5* 

Dry Bulb. Wet Bulb. 



Bel. Humid. Dew Point. 











7o 





9 a.m 


74 


55 


31 


4I-I 


12 Noon .. 


75-6 


55 


28 


40-4 


5 p*m 


69-2 


534 


36 


407 


„ • . • • 


61 


48 


41 


36-7 



Wind E. Foree 2. Clouds o, except for undefined bank over Desertas. MouDtaiiis 
very clear. 



July nth. — Min. 54^*5. Max. 74^ 

Dry Bulb. Wet Bulb. 



ioa.m 69*5 63*5 

12 Noon.... 72 64 

5 p*m. • • • • 66 62 

Leste gone. Wind NNE. Slight drizzle in evening with clouds travelling from l^E. 



Bel. Humid. Dew Point. 

/o o 

68 58-3 

61 58 

78 58*8 
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TABLE III.— Lean of Juira stH-^tH, 1890. 

ObaeTTAtioni tsken at Fnnotul lA «1eratioa of ftboat 3 jo ft. A deoM miit raperrenlng 

on it« BDbeidenae. 



DAte. 


Temperatare. 


BelatiTe Homiditr. 


ClondB o-io. 


Uin 


Max. 


a.m. 


Spjn 


Max 

ID 
SUD 


a.m. 


ip.in, 


sp.m. 


•^ 


ETDg. 


Jnne ,890. 

IS::::::: 

9th ... 


1' 

64-8 


87 
76 


70 
So 

73-+ 


79-8 
79 

67-8 


IJ9 

I JO 


'J; 

J9 

1; 


7= 

41 
34 

•• 


1; 


°i 


; 


DAte. 




Wied. 


Bato- 
meter. 


Hoots ot 
BanAhme, 
JonUn'B 
BeM«der. 


ij 




Diieetion. | 


Force. 


Mug. 


BTBg. 


Mng. 


Enig. 


Mo*. 


B™8. 


June 1890. 
(th 

6tb 

7th 

iith 

9th 


J>5 




NE 

ENE 

E 

B 

NW 


NB 

E 
B 
..? 


4. S 
1 


° 


Ine. 

JO- no 
Jo'l7" 

30-075 

JOOgj 


h. ro. 
ti js 
11 15 


54 
S> 

s» 

S4 
S9 



did cloudless da;. Mountaliu little hAzy. 

snnwt and red after glow. 
„ 6th.— Leete set in during -nisht. Terr o^f. with only ilight hAxineaa on Und, 

more st seA. Bough sea. Desertas juat Tisible, with some atntna ijiBg 

oyer them. Wind fAlls to calm in erening, rising AgAJn at 10 p.m. to 

force 4. and ;. 
„ 7th.— Leste oontianes. Ha«7 At wa, bat Dswrtui visible. Slight nndefinad 

benk of oloadi over then, oleArins o" middaj. At snnset low tying 

bank Dompletelf hides their bases, while nppar hall ol Islands retnAina 

„ Sth.— Leste dirainiahing. Very oleAr, except for low lyuig bank to SE. Horicon 

at lea baz;. 
„ 9tb.---Thiok fogg; morning, but elearing at ii a.n.; remains miatroTer the 

sea. Very oalm. 



TABLE IT.— Lull or Jolt 19TH um i< 



.890, 



at an elevation of 



of 1^ 



nof it onatudAnd 



from morning of loth to siat. 









ire. 


Blackened 


Belative Humidity 


11 
























Date. 


1 


1 


2 


IX. 


fi. 


a. 


Bulb in 
Uai.in 


i 


». 


a. 


1 
















Son. 












July 1B90. 




. 




^ 


„ 




^ 


°{" 


7. 


% 


7. 


las. 








•1 








'JO'S 












i9tb 










71 


7> 




41 


n 




17 


»rS7 








7<y 


80! 




ii 








40 




»7-63 


iind" :::::: 


ft 


7.'i 


;;■" 


67-1 






■'i 


4* 




i" 


77 


i7'SO 


»jrf 


•)■! 


7« 


76-6 








'jS-! _ 


*9 






_l7SO 



< Barometer nnoorrected for eleratiop or temperatoN, 
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TABLE IT.— OMtiMMct. 









Wind. 










yiMdi 






Oune. 


If 




Date. 






Force. 


Honnot 
Sun. 


















a!m. 


SP." 


a.m. 


Sp.m 


h.m. 


Spjn 


Mng. 


E«g. 






',T"- 


, 


^ 


NK 


NR 










cvi 


h. m. 


19th .... 






RNR 


R 














10th .... 






















lilt .... 






NNE 


NR 




J<6 










«t>d .... 






ENB 


KNR 














.3rd .... 















•s 


S7-S 





JqIj iSth.— Strong breeze all night, dull morning then elearing Deeertaa infiaible, bat 
air olear and no haze at this elevation, red glow at sunset. 

„ 19th. — Diatioct Leste. Hazy at sea. Deaertai Invisible all day. Very clear, 
exoept nndefined bank of cload to eastward. 

„ 10th.— Low bat dense bank of haze or mist to E and SE, othenriw Y«rj clear. 
DeeertaH inTinible. Cnriona cfFect ol mist riling fnun the aea like pnlla 
of smoke vhiob gntdDall; diepersed as they rose in the air, 

„ list. — Wind more Northerly, Fresh and oool. DeaertM still invisible. Clond. 
less eioept foi some oDmDlaa over bank to BE. A [all ot 17° at 10 
a.m. from temperatnre of xotli. Wind rising to nearlj gale foroe in 
evening. 

„ itnd. — A letnm of Leste. 

„ ijrd. — Warm night. Bplendid clear day. Wind baeking to N. Leste pauing 
off to hot lommer weather. (7) 

Note.— Hinimnm falling on i5tli to 4B'S° F. oaireaponding toitaiiaetrom46'$>on 
ijth.iy'S-t" ■'"• 



D tfitb. 











rABLET 


- 


-Lun 


or Fbbbhut 17TH, 


1,1. 






Dale. 




—■ 1 


Bolutive 
Homidity. 


Barom. oor. 
[or Elevation 
and Temp. 


Clond. 


1 


s 


a 


1 


i 


9| 


9 


i 

so 


I 

61 


<J 


1 


Feb. .Bgl. 


11, 

Jl-K 


67., 


61 




« 


114. 


61 
5° 


5+ 
37 


Ins. 

jo>094 
jS-114 




s 




6S |62 
7. 6,- 
.. 61 
.. 6o- 






■9th 


114 ^6 


Date. 


Wind. 


orce. 




~ ■ 


Direct ion. 


I 


B.m. 


5P.m, 


a.m. 


jpm 


» 




Feb, iSgi. 
iSth .... 
I6th .... 
17th ■... 

.nth .... 

19th .... 


NE 

BNE 

E 

E 

SB 


NE 
ENE 

NE 

1 


1.4 

3 


1 


S4-S 

11 

^7-i 


b. 

9 

9 
9 


+5 

1! 
1^ 


NEb 

olaar 

■ 6 

and I 


.-ClODdlesad 

reene. Monn 
UesCTtftsrat 
b.— Desortae 
a.y at sea. 


y. Freeh 
uins very 



Rkmabes [cmttinued). 

iCtb.— Fresh Easterly vrind nith orystal waves at sea. 17th.— DoMrtas qoite in. 

visible. Very hazy at sea. Low andclinGd clouds to SB, topped bv a lew onmuli in 

monuDg. Wind falhi to almost dead calm niddaj, when BeJatiTe Homiditj ii onlf 
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37 per e«nt. >nd »ij very grty. No real bine to be Been. Cooler Hid dunper 
wind Irom NK uU in at 4.jo, md thermometer falls 4°. The HomlditT in. 
creaeea 10 per oent,, bat at 7 p.m. the HeUtive Humidity had a«ain tallan t04i pm enit 
Sun aet in thick hize. iSth.-Leaa hazy, and Desertae faintly yirible. laflir-Leste 
quite left OB. Soft S wind. Large and heavy cumulm. Bain -go in. during night 



LsBtx or FBratTABS 


igxH-iisT, 1889. A HiuED WmTMB LiOTB. 




Date. 




Bel. 
Humid. 


aonn 
Sun. 


Barometer 
oorreoted. 


Oaone 


1 


n 

S 


it 

7J' 




a.m. 


a 


B.m.;p,ni. 
la 1 s 


Pobroaiy 1889. 


si 

lis 

S+'J 


*4 
7« 


70-6 

6S-S 

601 

!8 


7o 


7. 


Honre 
i 
io'4s 
io'4S 
9'3o 


Ins. 
30-086 
30-..5 
jo'iiS 
10-110 


OS "' 




4-» 1 37 


wth ":;■.:":;:;;::: 




70 '1 65- 


iind 


Dale. 


CloadB. 


Wind. 1 


Bemuks. 


Direotion. 


Foroe. | 


a.m. 


SP-m. 


Mg.| Ey. 


Mg 


B». 


February lUg. 


9 


° 


BE.' SE. 


; 






iglh 


e ClondleHH but very hoiyi 
I No'obads bnl bank oil 




E. E. 1 4 




"nd 


__s 


_ 


_ 


^ 


E. '.I 


SE. 


" 


J 1 


Cirro-oumuluB 


' 



On the ijrd rainfall 03, on 14*11 i'i7 u 



DIBCUSSION. 

I nepeclor- General Lawson saJd that he had had vec; little experience of the 
" Lcsto," althoui^h he well remembered that, between Madeira and the African 
coast, tlie vessel he was in was caught by a squall as tbia wind was setting in 
end narrowly escaped being capsized. He oad hod some experience of the 
Sirocco at Malta, which differed in character from the " Leste." In Natal, too, 
a North-east wind was sometimes experienced which bore a very close resem- 
blance to the Maltese Sirocco. During summer a South- westerly wind, of high 
tcmperatiu'e, with a very low dew point and clear weather, is occasionally met 
with at Malta, and more frequently over Sicily and the south-west coast of Italy, 
which is described by writers as the Sirocco : bat at Malta, the wind so de- 
nominated comes from the South-east later in the season, is rather cooler than the 
mean temperature of the season, with cloudy hazy weather, so that the horizon is 
often invisible, and moisture is deposited copiously on all exposed snr&ces. Meat 
piitrifies rapidly during the prevalence of the latter wind, and wine bottled during 
it docs not clear. It is obvionslj derived from the Indian Ocean, while the 
Sicilian Sirocco comes from the African desert. At Natal, during January and 
February, a wind from the Korth-east is frequent, presenting the characters of 
the Malta Sirocco, there being cloudy hazy weather, with much moisture in the 
atmosphere. 

Dr. Babneb said that he should much like to know what effect the " Leate " 
produced upon the health of the residents at Madeira. 

Mr. Syhohh said that it would be of considerable interest to know whether, 
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when the " Leste " prevailed and the atmosphere was so full of dust, any twi- 
light effects, such as those seen aftes the ELrakatoa eruption, were observed ; of 
course the sand particles were very different from those of pumice. 

Inspector-General Lawson said that at Sierra Leone the brown dust brought 
by the wind from the desert never attained a greater altitude than 700 or 800 ft. 
above sea-level, so that it was not sufficiently high to cause any sunset effects. 

Mr. Tripp said that differences of 9° and 10° between the dry and wet bulbs 
did not indicate such dryness as might be expected from a wind originating in 
the Sahara, and he supposed this was owing to its having passed over some 800 
miles of sea. In other countries dry winds came from the direction of the 

S'eatest heated surface of land, and their direction varied accordingly. In 
ritish Kafifraria, Cape of Good Hope, he had noticed the dry bulb at 100° and 
the wet at 75°, this indicating a relative humidity about 28 %. This was in the 
afternoon at about 5.30. His observations were tak^n principally in the morning 
about 9 a.m., and he had then repeatedly seen differences of over 20°, indicating 
a relative humidity of 80% or over. He had, however, never noticed anything 
equal to Dr. Langerhaus' observation of 19%. He had not, however, searched for 
this phenomenon, and had systematic observations been made in this direction 
perhaps greater degrees of dryness than those he had noticed might have been 
discovered. With regard to duration, the most decided instance he had seen had 
been a succession of four morning with a relative humidity ranging from 81 to 
53, and giving an average of under 44%. These hot winds were much felt by 
vegetation, and were often succeeded by dust and rain storms with thunder and 
lightning ; they generally came from the North-west. 

The President (Mr. Latham) said that the sunset afterglows which he had 
seen in Egypt were magnificent, but whether they were due to the presence of 
dust in the atmosphere or not he was unable to sav. At Bombay, too, the sun- 
sets were very beautiful, but iidand and in the neighbourhood of the Himalayas 
such sunsets were never seen. 



A CURIOUS CASE OF DAMAGE BY LIGHTNING. 

By ALFRED HANDS, F.R.MetSoc. 
(Plate Vn.) 



[Beodved May 20th.~Bead June 17th, 1891.] 

On the afternoon of Sunday, April 5th, 1891, a severe thunderstorm 
passed over South Staffordshire, and during Divine Service Ghristchurch, 
commonly called the Forest Church, Needwood, was struck by lightning, 
and some slight damage was done. 

I received instructions to examine and test the lightning conductor and 
report as to the cause of the accident. On examination I found the damage, 
although only of a trifling character, possessed some points of both an un- 
common and instructive character, and I thought therefore that a description 
might be of interest to the Fellows of this Society. 

The church, which is a small building having a tower at the western end, 
stands on high ground, and has several trees round it. I have prepared 
drawings which will serve to illustrate the church and the nature of the 
damage which was done, (Plate VII.) No. 1 is the south elevation ; No« Z 
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is the eastern end, while No. 8 is a ground plan of the building. Nos. 4 and 
5 show details which I shall explain later on. 

The tower, which has four pinnacles, each surmounted by a small wrought 
iron vane, is about G4 ft. in height, while the ridge of the roof is 84 ft. from 
the ground line. The length of the building without the tower is GO ft. 

The conductors, which had been erected, I believe, about seven years be- 
fore, consisted of a main down conductor of copper tape 2 ins. by ^ in. 
carried from the south-east pinnacle to earth, while each of the other pin- 
nacles had a branch conductor of copper tape 1 in. by ^ in. carried to the 
main down conductor. All these conductors were connected to the vane 
rods by copper bands made in two halves fastened by copper bolts aud nuts, 
and to these bands the tapes were secured by copper rivets. The earth con- 
nection was made by a copper-plate 8 ft. by 8 ft. by ^ in. in accordance 
with the instructions formulated by the ** Lightning Rod Conference.'* 

Unfortunately no one saw the lightning strike the church, the only person 
in the neighbourhood outside the building at the time being a man who had 
taken shelter from the rain under a yew tree some twelve or fifteen feet from 
the conductor, and he was so placed that he could only see the lower part of 
the building. We must therefore take our ideas of what occurred by deduc- 
tion from the traces the discharge left in its course. 

The main conductor at its junction to the vane (a Fig. 1) was disconnected, 
the copper bolts fixing the band or collar and also the copper rivets which 
connected the tape to the band being broken, but there were no marks of 
fusion. Further down (6. Fig. 1) a spark passed between the conductor and 
the lead flashing, which runs along the edges of the slates about 2 ft. away, 
damaging the stone parapet in its course. Lower down (c. Fig. 1), a few 
inches from the ground, a spark passed through the wall into the building. 
Along the ridge of the roof sheet lead is laid in lengths overlapping one 
another, and this lead was turned up at every alternate joint. The rain- 
water gutters along the southern side were broken and thrown down in two 
places, and the rain-fall pipe at one side of the end of the building (d. Fig. 2) 
was broken at the joints and also thrown down. The corresponding fall pipe 
on the other side had slight damage at the joints. 

The most curious part of the damage, and one which appears to me in- 
explicable, was on the top of the tower. As usual with such places, it is 
covered with lead, which was in connection with the lightning conductor. 
Round each of the four pinnacles there is an iron band with a stay rod of 
1^ in. iron from it to the lead flat, where it is secured by a ^ in. iron bolt. 
The lead is ^ in. in thickness : beneath that there is 1 in. floor boarding, 
then there is a space of 8 ins., and below that there is a 9 in. rafter through 
which the bolt rod passes. Just under this stay rod there was a hole about 
an inch in diameter, made as if it had been punched, the edges of the lead 
being turned downwards and the wood floor board splintered. 

.No further damage was done here, but the buttress at the south-east cor- 
ner of the building {e. Fig. 2) was broken through by a discharge which took 
place between the fall-pipe and the railings on the south side of the church 
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and farther on (/. Fig. 1), where the metal continoity of the railings was 
broken by a gate being open, a discharge passed throngh the brick step 
slightly disarranging it. 

On the opposite side of the building there are also railings, and discharges 
passed from these to earth in three places, catting channels through the grass 
somewhat as shown in Fig. 5. 

As previoasly mentioned, a spark passed into the church at the base of the 
conductor, and, of course, I at once suspected that there was metal behind 
there ; but I may mention as an instance of how people who do not under- 
stand the subject may overlook important details, that I was assured that 
there was no metal whatever. On examination, however, I found that just 
inside the wall, which is 18 ins. in thickness and therefore within about 2 ft. 
of the conductor, there was fibre matting the ends of which lying against the 
wall were bound with lead, about equal in quantity to a 1 in. diameter pipe 
flattened out. There were two lengths of this binding placed end to end, 
then there was a break of 4 ft. 11 ins., when the binding commenced again 
and continued past the centre, where there is a step between the tower and 
the body of the church. 

Just at the comer where the spark passed (c. Fig. 1), close to the wall and 
on the lead was a hassock through which the spark tore its way, driving it 
40 ft. up the church ; then the discharge was conducted by the two lengths 
of lead binding to where the break occurred. There was a wooden seat 
which was the next best conductor available, and the discharge passed through 
the lower part of it, moving it by the impact of the blow 22 ins. out from 
its position. Further on, where the lead bindings commenced again, it left 
the seat and was conducted to the step, where it struck through the stone to 
a large iron furnace formerly used for heating the church. This furnace is 
approximately 8 ft. high, 2 ft. 6 ins. deep, and 2 ft. 6 ins. wide, and is about 
an inch in thickness. 

As I have said the whole of the damage was of a trifling character, the 
hole through the wall being merely large enough to allow of one flnger being 
inserted, and the damage to the step being about the same. 

On testing the lightning conductor, I found the connections between the 
tapes and the vane rods had become bad owing to oxidation, the resistance in 
one case being over 2,000 ohms. The resistance of the earth connection 
was 14 ohms. 

As regards this resistance to earth, I may say that it is still an undecided 
question as to what should be the maximum resistance allowable in the earth 
connection of a lightning conductor. From my experience in testing, I am 
of opinion that for every Ave that would be found to have a lower resistance 
than this, 96 would be found to be higher. It may sound high to electricians 
who have to deal with electricity at low tension, but for high potential, 
such as a discharge of lightning, it would form comparatively no obstruction. 
It is such a resistance as would under ordinary circumstances be given by a 
coppcr-platc 3 ft. square bedded in coke. Under very favourable circum- 
stances, that is in a very damp locality, I have found that a copper-plate this 
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size laid 2 ft. nnder ground has given a resistance of a fraction of an ohm 
merely, while in a light porous soil I have known a plate 10 ft. by 8 ft. 6 ins. 
at a depth of 10 ft. show a resistance of 80 ohms. 

Undoubtedly a resistance of half an ohm is better than two ohms, but 
in a case such as this where there are no gas or water pipes, or other metals 
having a low resistance to earth, such a small resistance as 14 ohms can- 
not be considered sufficient to explain a flash passing from the conductor to 
other metals. 

If it was absolutely necessary for the '* earth '* to ,be below 14 ohms, 
then at least 95 per cent, of the conductors in England would have to be 
condemned as inefficient. Personally, I think that the question of the maxi- 
mum resistance allowable depends upon what other paths to earth are avail- 
able. For instance, a plain stone structure without a particle of conducting 
matter in its composition besides the lightning conductor would be protected 
by a comparatively high resistance ; while one with gas and water pipes, 
which necessarily have admirable earth connections, should have a conductor 
with a nominal resistance only. 

I have for a long time considered that it is possible that where a conduc- 
tor is carried close to metals either inside or outside a building, that a spark 
may pass no matter how low the resistance to earth, indeed it is obvious that 
the '* Lightning Bod Conference " took this possibility into account when 
they recommended that all metals in the neighbourhood of the conductor 
should be brought into metallic contact with it. Great care, therefore, 
should be taken by those fixing conductors to see that they are not placed 
near any other metals, either inside or outside the buildings, which it may 
not be convenient or expedient to connect them to, and the owners of the 
buildings should take care that no metals are placed in the neighbourhood of 
the conductors after they are fixed. 

In the present case there was in the vault under the tower a large mass of 
iron. This would have been perfectly safe, but that a line of metal had been 
recently laid from close to this furnace to within about 2 ft. of the conductor, 
and this was equivalent to reducing the distance between the furnace and the 
conductor very considerably. 

At the time that the conductor received the discharge of lightning, the 
copper tape and the metals inside the church would owing to inductive action 
be in oppositely electrified states, and consequently a spark would pass to 
restore the equilibrium. 

It is extremely difficult to say what exactly was the nature of the dis- 
charge at Needwood Church, but I am convinced by several details that it 
was exceptionally severe. There are circumstances pointing strongly to an 
upward discharge of lightning, but this is not fally borne out ; while the 
remark of the man I have referred to that he saw a large ball of fire come 
down the tower, might lead us to imagine that the phenomena might be 
connected with *' globular '* lightning. 

After a careful examination of the building I am inclined to think that it 
was either struck b^ two flashes simultaneously, or by a discharge which 



^ 



230 HAMDS — ^A CURIOUS CASK OP UAUAQK BT LIOHTMINO. 

bifurcated, part falling on the south-east pinnacle of the lower, and pari on 
the ridge of the roof. The first part was conducted down the copper tape 
to earth, but a spark passed through the wall to the binding of the mitting, 
as I have already described. The other part divided, part passed along the 
lead on the roof and sparked across the parapet to get to the conductor, the 
remainder going to earth by the rain water gutters and (aH pipes ; but it is 
evident that nearly all passed down on the south, and very little on the north 
side. It was raining heavily at the time, and no doubt water had penetrated 
under the lead at the joints along the ridge, so that the heat generated by the 
resistance at the joints might turn the water into steam and so blow up the 
edges by the force of the explosion. 

The damage to the rain water pipes and gutters would probably occur in 
a slightly different way. This kind of damage takes place in nearly every 
case where rain pipes act either as conductors or auxiliary conductors to a 
flash of lightning, and I have heard several explanations, but none that 
seem quite feasible. It should be borne in mind that the gutters and pipes 
are badly put together, no attempt being made to make the joints electrically 
good, in fact there is an enormous resistance in some of them almost from 
the moment they are put up. There is sure though to be one point in each 
of the joints where the resistance is less than in the rest of the joint, and an 
electric discharge in passing from one length of pipe or gutter to the next, 
chooses this path of least resistance and passes across in the form of a 
spark, so generating heat at this point, and this heat is so great and is gener- 
ated in such an inconceivably short space of time, that before it can be con- 
ducted along the metal, expansion takes place at one part, which, as the 
metal is brittle, causes the iron to crack and the piece broken off springs 
away to a distance. I have often tried to find one of the pieces to look for 
marks of fusion, but have never been successful as they are probably pro* 
jected to too great a distance. In this case I found one piece of gutter which, 
although it was not broken, shows signs of fusion such as I expected. 

The discharge that took place at the back of the church between the rain- 
fall pipe and the iron railings is, I thinks explicable in precisely the same 
way as the spark which passed between the conductor and the furnace inside 
the tower. In this case the rainfall pipe was acting as a lightning conductor, 
but with a bad earth connection, the resistance to earth being over 1,100 

ohms. 

In each of these cases of side fiash I consider it is as correct to say that 
sparks passed from the isolated masses of metal to the conductors, as it is 
to say that they passed the other way, indeed in the case of the last named 
discharge the injury to the rain-fall pipe (if really caused by lightning) 
seems to prove that the discharge was from the railiugs, and was therefore 
entirely an induced discharge and did not exactly form part of the lightning 

fiash. 

On the other side, it is to bo remarked that the railings, although precisely 
the same distance from the fall pipe on that side, did not receive a spark 
from the pipe. Hence the charge that passed dowo thi^ side must havQ 
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been much less than that on the south side. As may be expected, the earth 
connection of this fall pipe was even worse than the other. 

There would, however,- still be the induced charge in these railings to bo 
got rid of, and consequently on this charge being liberated, it would go 
direct to earth, cutting the curious furrows in the grass which I have de- 
scribed. I take the intensity of this induced charge to be a proof of the 
exceptional violence of the inducing charge. 

The lightning conductor could not be passed as in a satisfactory condi- 
tion, owing to the bad joints at the connections to the vanes. Besides this, 
there were some bad bends, the tape being carried down from the pinnacle to 
the lead flat and then up again over the parapet. Again, the conductor 
ought to have been connected to the lead flashing on the roof where it was 
carried near it. 

I contend, however, that none of these faults were sufficient to account 
for the spark that passed at c. Fig. 1, and that the sole cause of the dis- 
charge there was the lead bound matting having been laid so close to the 
conductor. 

Although the accident to Noedwood Church may be considered to bo a 
case of the partial failure of a lightning- conductor, it must be borne in mind 
that it carried off the bulk of a discharge which, had there been no con- 
ductor, would have probably wrecked the tower and caused serious loss of 
life by the masonry falling through the roof upon the congregation. As it 
was, the whole of the damage would be set right by the expenditure of a few 
pounds, and would be covered by the insurance policy. 

As regards the body of the church, we may consider that it was never 
protected from lightning. No expert would say that a conductor on the 
tower, however perfect, would afford absolute protection to the other end of 
the church. As a rule, however, those having the management of such build- 
ings prefer to protect the tower or spire, which is the part most likely to be 
struck, and leave the rest to chance, owing to the extra cost which would be 
entailed by completely protecting the whole building. 

Of course, where there are rain water pipes and gutters on the building, a 
discharge of lightning must divide itself between them and the conductor in 
proportion to their respective capacities ; and therefore, unless the joints were 
made electrically good, or continuous conductors were carried along them in 
order to bridge the points of resistance, there is always a danger of some of 
them being broken. Such very slight damage as this, however, need scarcely 
be considered, I think, when we take into account the dreadful havoc and 
ruin which lightning conductors, properly applied and fltted, will prevent. 



DISCUSSION. 

Mr. Symons said that a case of damage by lightning bearing a very close re- 
Bcinblance to that which had been so tlioroughly discussed by Mr. Hands, was to 
be found in the Report of the Lvjhlnintj Rod Conference (p. 217). In that instance 
Carmarthen Church, which was provided with a conductor, was damaged by 
lightning, and the disruptive discharges which caused the damage were due to 
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wau «iiii 'Li>47 -V'JT'. ilr¥ L7» ;;trr'.g> 

3£r. ^r.r.i> «Lai ^^m: ^ii^ ?^^ izziei &^ •fT.n*ijiTr^ i^iect ksncn so >tf¥i¥go^lf, %s 
ht tri^ zcw zTJUje^TTt^i iz. yifiii'g & zir*^ Inffrfiaxzi; errirrc^Tr to the parish church 
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Mr. 5^a3tj:t isL.-! ih^s iz ir^fieal cc^z=snai irrm reds aboct If in. in diameter 
w«r^ pr%£err«<i ic cof»^r b&zid ly*T*Trg cocjirxKn^ The terminals were pointed 
fica«t rrjfu, ^^if^i ^rhn rlAi.""-:r- . He did coc kcjuw which metal formed the 
h^it cozArzevx ^zrAt: Ula ccrtth^irgw Ims irGc wa« prchablj chequer. In the case 
^ da£iaa<?»r d«:<tcr{b<&ii e>v Mr. Han*is h seemed that the electrical discharge was 
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Mr. Stxosf^ said that he was zut prepared to dxscxsai the relatiTe moits of 
ir<j,n iJid o:,ppier as ligL;rir.? cccdnctor?^ iKit dcKibdefia the reason that copper 
^M c^ used in the countries referred to by Mr. Stanley was becaose, being of 
l^feater vakie than iron, it was znixh more l&ely to be stolen. An iron eondne- 
l^r aflorded for the same octlay a larger smfice than a copper one, bat in a damp 
^lUD^^phere like that of the British I^es iron rapidly nsstted and soon spoiled. 

The PeeaiiiE5t tMr. Baldwin Lathamt said that in India iron was almosi 
QUiv^rsaUy xuied for Ughtning condactors* chiedy because the natives sUAe copper. 
jlf; fiioch preferred a ntrip of copper to a rod of iron. In the case of tall chimney 
J^f^*i & li^^tning conductor did not give an immmiity from lightning stroke, and 
^0fijtidering the large amount of iron, such as boilers and furnaces, which was 
HjioaUy to be found in large works, and generally unconnected with the conduc- 
1^^, be was surprised that cases of damage from lightning were not much more 
fre^|Ufcnt. 

>Ir. Havdh, in reply, said that he thought it would not be possible to connect 
all ii*^*J ^orii inside and outside a buildmg with the light ning conductor. The 
i^ter way would be to examine the interior of a building first, to ascertain the 
^iioiuit and position of the metal work, and then arrange that the conductor 
\ion\*\ ^ placed at a sufficient distance from such metaOic substances. He 
^tild not agree with Prof^ Mascart that the resistance of the earth connection 
tthotild be less than one ohm, as in districts with a naturally dry sofl the cost of 
carrying the conductor to a sufficient depth to obtain such a resistance would be 
greater than anybody would care to * 
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On the Mean Tedfiperature of the Air at the Royal Observatory, Greenwich, 
as deduced from the Photographic Records for the Forty Years from 
1849 to 1888. 

By WILLIAM ELLIS, F.R.A.S. 



[Beceived May llth.^Bead Jane 17th, 1891.] 

The main object of the present paper is to communicate to the Royal Meteoro- 
logical Society a table of mean monthly temperatures deduced from the Green- 
wich photographic records, but it has appeared to me that it might be desir- 
able and useful to include also some account of the way in which at different 
times Greenwich mean temperatures have been formed. 

On the establishment of the Magnetical and Meteorological Department of 
the Royal Observatory, Greenwich, in the year 1840, eye observations of air 
temperature were made every two hours, commencing in November of that 
year, until the year 1847, excepting on Sundays and some other days, when 
a few observations only were taken. In 1848 observations were made six 
times daily, but fewer on Sundays, and since 1849 usually four times daily. 
The continuous photographic record is available since 1849. Readings of 
self- registering maximum and minimum thermometers have been taken 
throughout. 

The moan daily temperatures given in the Greenwich volumes until the 
end of the year 1847 depend upon the twelve two hourly eye observations of 
each day, there being during this period no Sunday results. In 1848 they 
were deduced from the six eye observations only, corrected for diurnal 
inequality, and from 1849 to 1876 from the four eye observations, corrected 
for diurnal inequality, combined with the mean of the readings of the self- 
registering maximum and minimum thermometers, corrected for the excess of 
such mean above the true mean, these various corrections being determmed and 
applied in the manner indicated by Mr. Glaisher in his paper in the Philoso- 
phical Transactions for ISiS.^ Commencing with the year 1848 the fewer 
observations of Sunday have been utilised to form values for that day. The 
mean daily temperatures contained in the Meteorological Report communi- 
cated to the Registrar General, for publication in his Weekly lleturn of Births 
and Deaths in London^ are, up to the year 1876, the same as those that 
appear in the Greenwich volumes. In the year 1877, at my suggestion, a 
change was made, the mean daily temperatures given in the Greenwich 
volume having been since that year deduced from the photographic records 
alone, each daily value being the mean of 24 hourly values taken from the 
photographic register, and reduced to the reading of the dry bulb thermo- 

1 On the Corrections to be apjdied to ffie Monthly Means of Meteorological Observations 
taken at any hour^ to convert them into Mean Monthly Values, 
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meter of the revolving stand. In the case of accidental failures of register, 
which during this period were not numerous, eye observation values were 
employed in order that the whole period should be completely represented. But 
for the report supplied to the Registrar General values deduced entirely from 
the eye observations had to be as before employed, since it was not possible 
to deal with the photographs in the limited time available, at the end of each 
week, for preparation of the weekly report which has to be completed on 
Monday morning for the week ending the previous Saturday at midnight. 
Commencing, however, with the year 1878, new corrections for diurnal 
inequality and for the excess of thp mean of the maximum and minimum ther- 
mometer readings above the tnie mean were determined from the Greenwich 
twenty years' meteorological reductions,' varying the corrections through each 
month as necessary, instead of using one set of corrections through the 
month. The corrections for diurnal inequality are to be found in the twenty 
years' reductions, but the new corrections to the mean of the maximum and 
minimum, to reduce it to the true mean as deduced from 24 hourly values, 
have never been pubHshed. It is proposed to add them at the end of this 
paper. 

The twenty years' reductions contain a discussion of the photographic re- 
cords of air temperature from 1849 to 1868. As there pubhshcd, the monthly 
means (Table 52) are not corrected for the efifect produced by the omission of 
days on which there were no available registers, and which were more numer- 
ous during this period than in later years. These means I some years ago 
corrected for my own use by including for omitted days values derived from 
the eye observations, but the corrected values were never published. More 
recently the photographic records for the years 1869 to 1876 have been also 
discussed, and the results, duly corrected for the effect of omitted days, in 
this period few in number, have been included in an appendix to the Ghreen- 
wich volume for 1887, thus completing the reduction of the photographic 
records from 1849 to the present time, since beginning with 1877, as before- 
mentioned, the mean daily temperatures given in the annual volume are 
those deduced from the photographs, which are in all cases reduced to the 
reading of the dry bulb thermometer of the revolving stand. 

It is now therefore possible to form a table of monthly means of Green- 
wich temperatures beginning with 1849, depending essentially on the photo- 
graphs, and completely representing the period, since eye observation values 
have been throughout included for omitted days, which, more numerous in 
earlier years, were comparatively rare in later times. 

It is proposed to undertake shortly at the Royal Observatory the prepara- 
tion of tables of meteorological averages, to include amongst other things 
averages of meteorological elements for days of the year. The work has, 
indeed, been commenced, although no very great progress has been yet made 
with it owing to the pressure of other work which has to be first cleared off. 

1 Beduction of twenty years'" Photographic llecords of the Barmneler and Dry-bulb attd 
JFet'bulb Thermomclfrs, rfc, viadf at the Royal Observatory, Greenwich, 



BLU8 MEAN TEMPERATURE Or AIR AT GREENWICH, 1849-88. 286 

Bat as reference is frequently made to Greenwich air temperatures, it has 
occurred to me that, as the monthly means already exist, scattered, however, 
through many volumes, it might be useful to meteorologists at once to collect 
them into one table for immediate publication. The results from 1841 to 
1847, depending on two-hourly eye observations, could not be here included, 
it being a part of the scheme just spoken of to complete the daily series 
for that period by forming values for Sundays ; and as the year 1848, if in- 
cluded, would depend also on eye observations, I have preferred to give here 
the values commencing only with 1849, the beginning of the available pho- 
tographic record. One portion is, indeed, new ; the monthly means 1849 to 
1868, as corrected for omitted days, not having been before published. 

It may be useful here to indicate the changes that from time to time have 
been made in the position of the revolving stand, on which the thermometers 
for eye observation are placed, and to the dry bulb thermometer of which the 
photographic indications are reduced. It was first brought into use in March 
of the year 1841 (the observations for the few previous months having been 
made with the thermometer suspended in a temporary manner), and was 
originally set up in the north-east re-entering angle of the Magnetic Observa- 
tory, about 6 ft. from the walls of the building ; in July of the year 1846 it 
was moved to a position 28ft. south of the southern arm of the Magnetic 
Observatory, and in 1868 was shifted to a position 12 ft. further south. In 
the summer of the year 1878 some minor repairs and alterations of the stand 
were made, and in September of the same year a horizontal circular board 
8 ft. in diameter was fixed to the post carrying the thermometer frame, in a 
position below the frame, at a height of 2 fb. 6 in. above the ground. 

It will be seen by the accompanying table that the mean annual tempera- 
ture deviates from the general mean of the 40 years, by more than 1° in 
excess, in nine of the years of the series, the only deviation above 2° being 
-f 2°'5 in 1868, a memorable year, in which, in more than half of the months 
of the year, the temperature was considerably above the average. The annual 
temperature deviates from the general mean more than 1° in defect, in six of 
the years, the deviations above 2° being —2^-8, — 2^-0, and — 8°-2 in 1855, 
1860, and 1879 respectively, due in 1855 mostly to the extreme cold of the 
early part of the year, in 1860 to the remarkably cold summer, and in 1879 
to extreme cold in spring and early summer and at the beginning and end of 
the year. The mean annual departure from the average, irrespective of sign, 
is 0°-88. The preponderance of cold in the last 10 years, 1879 to 1888, I 
have before pointed out •} only in two years out of the ten is the annual 
temperature above the general average : a long sustained depression, to be 
followed, no doubt, in due course by a series of warm years, although the two 
following years 1889 and 1890 have proved to be also cold years. It would be of 
great interest to make out whether the effect is a local one, and if so to what 
extent, and whether this part of the world only has suffered in this way. 

^ On the Variation of the Temperature of the Air in England during the period 1849 
to 1888. Quarterly Journal Royal Meteorological Society, Vol. XV. p. 228 
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Discassion has sometimes arisen as to the most desirable period to employ 
for the formation of temperature averages. It has been urged that periods 
of 50 years or more are too long, and that it is better to use periods of 10 or 
20 years only. Periods of 10 years, however, would appear in this climate 
to be, from what has been remarked in the last paragraph, much too short. 
At the foot of the table of temperatures, monthly means have been added for 
each 10 years, and the differences of the means in the several months are as 
follows : — 



January 


o 

8-4 


o 
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0-8 
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The moans, on the whole, evidcntlj' vary to the greatest extent in winter. 
Even employing means for 20 years, that for the first 20 years would differ 
from that for the last 20 years by nearly 2^ in October, and by exactly 2° 
in December. 

It has sometimes been imagined that the temperatures determined at 
Greenwich Observatory may be so influenced by the growth of London that 
they cannot be accepted as truly indicating the general variations of tem- 
perature. It does not appear, however, that this condition has been yet 
reached. In the paper on the variation of the temperature of the air in Eng- 
land, already referred to, I collected the results of the observations of tem- 
perature, contained in the Quarterly lieturn of the Registrar General, for the 
period 1849 to 1888, and gave means for groups of stations as arranged accord- 
ing to latitude ; one set of means applying to stations situated between latitudes 
51^ and 52,^ another to stations between 52^ and 58°, and another to stations 
between 58° and 64°. It happens that the period covered by the numbers 
there given is precisely that of the present table, and Greenwich being 
situated as regards latitude in the middle of the 51°-52° zone, it is interest- 
ing to compare the changes indicated generally in that zone with the changes 
shown at Greenwich. Summer is taken to include the months from April to 
September, and winter those for the remaining portion of the year. 

Winter. Summer. The Year. 

Stations j^ 1 Qi,. Statton^^ ^^^ ^^^ Statums ^ ^^^ 
Period. in zone -.«.•;« to-^ in zone g™fttorv m zone -e^torv 

1849-1868 42-26 42-89 66*22 57-06 49-24 49-72 

1869-1888 41-91 41-98 55-71 56-64 48-81 49-29 

Difference -0-85 -0-46 -0-51 -0-41 -0-48 -0-48 

The decrease shown by these 20 years* means is somewhat greater in winter 
and less in summer at the Royal Observatory than generally in the zone 
51°-52°. For the complete year the differences are identical. This is hardly 
surprising. The Royal Observatory is situated in the middle of Greenwich 
Park, within which buildings cannot be erected. The park abuts mainly on 



288 SLLIB — MEAN TBlfPSRATUBE OF AlB AT OBEENWIGH, 1849-88. 

the Bi?6r Thames to the north, and k bounded on the Bonth by the large 
open space of Blackheath. The Observatory thus oocnpies a very open 
position, and one not likely in the immediate fiitnre to be farther enoroaehed 
npon. 

There is another matter on which I would add a few remarks. The 
corrections for diurnal range, given by Mr. Glaisher in his paper in the 
PhUo8ophieal Transactiom before referred to, differ in some respects from 
those found from the Greenwich twenty years* reductions. In expUmation of 
these differences various suggestions have been made ; one that they may be 
due to the photographic thermometer, on which the 20 years' corrections 
depend, being sluggish, as compared with the thermometer of the revolving 
stand, on the eye observations of which the corrections determined by Mr. 
Glaisher depend ; another suggestion is that the differences may be owing to 
the different manner of exposure. I do not think that the photographic 
thermometer can be said to be really sluggish.^ Length of bulb does not 
imply sluggishness if the diameter be not excessive and other proportions 
appropriate. Very sensitive thermometers would be for such a purpose un- 
suitable. If the causes suggested have any real influence it is only in a minor 
degree. The true explanation of the differences between the two sets of 
corrections is due, in my opinion, mainly to the circumstance that Mr. 
Glaisher's corrections depend on Ave years' observations only, whilst the later 
corrections depend on the records of twenty years. It is not that the results 
essentially differ even as they stand, but rather that, comparing one month 
with another, there are irregularities which Ave years' observations (all that 
were at the time available) are not sufficient to eliminate. That this is so is 
easily seen. If the 24 hourly deviations in each of the 12 months be all 
summed together, without regard to sign, the sum for Mr. Glaisher's corrections 
is 960^'9, and for the 20 years' corrections 968^*2, indicating (dividing by 
24 X 12 = 288) mean corrections of 8^*84 in both cases. The point is that any 
systematic difference in the magnitude of the diurnal range would tell greatly in 
the sums of the hourly deviations just given. Or, dividing the year, we have 
for summer (April tc September), sum of Mr. Glaisher's corrections 675^*0, of 
the 20 years' corrections 670°'9, indicating (dividing by 144) mean correc- 
tions of 4^*69 and 4^*66 respectively. For winter (including the remaining 
months), sum of Mr. Glaisher's corrections 285^*9, of the 20 years' correc- 
tions 292°*8, indicating mean corrections respectively of 1^*99 and 2^*08. On 
the whole there is thus agreement, the differences in individual months arising 
evidently from unavoidable irregularity in Mr. Glaisher's five years' series, 
affecting in greatest degree the months of April, June, and July. 

I am aware that it has been pointed out that there are anomalies in Mr. 
Glaisher's corrections in some months of the year. The sum of the positive 
corrections in each month should balance the sum of the negative corrections, 
but in August, September, and October, the positive values are in excess. If, 

1 Some of the photographic records were exhibited showing the ready action of the 
photographic thermometer in cases of sadden depression of temperature daring 
squalls, of which th^ an^mom^ter record gave the period. 
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however, the 24 hourly values in eaoh month correctly represent the ampli- 
tude of the observed temperature curve, the comparison with the newer 20 
years* corrections will not be practically afifected, and would not at all be 
affected if the positive and negative corrections in each month were equal in 
number, 12 of each. 

It was mentioned in an earlier part of this paper that the corrections for 
reducing the mean of the readings of the maximum and minimum thermome- 
ters to the true mean, found by comparing, for the period 1849-1868, the 
maximum and minimum mean in each month, with the mean of 24 hourly 
values, had not been published. The corrections required by the maximum 
and minimum mean were found to be as follows : — 

o o o 

January + 0*1 May — 0*7 S^tember — 1*1 

February — 0*4 June — 0*7 October — 0*6 

March — 0*7 July — 0-9 November — O'l 

April — 0-8 August — 1-2 December + 0*8 

Unlike the corrections for diurnal range, these corrections sensibly differ 
in amount from those found by Mr. Glaisher, and given in his paper 
in the Philosophical Transactions for 1848, but a certain proportion of the 
difference is due to the circumstance that the readings of the maximum and 
minimum thermometers, on which Mr. Glaisher's corrections are founded, 
were taken at 10 a.m., thus causing the maximum and minimum means used 
by him (practically climatological day means) to be relatively higher than 
those referring to the civil day, to which the above corrections apply. (See 
Quart. Jour. R. Met. 8oc. Vol. XVI. p. 218.) 

I should like, in conclusion, to give some indication of the degree of 
accuracy attainable in the calculation of mean daily temperatures b^r the use 
of corrections applied to a few observations daily. The mean daily tempera* 
tures given, since the year 1878, in the report communicated weekly to the 
Registrar General, are found by combining the mean of the maximum and 
minimum readings, corrected by the numbers above given, with the mean of 
the ordinary eye observations (usually four) corrected for diurnal inequality, 
by corrections depending on the twenty years' reductions, varying both sets 
of corrections through each month as necessary. The temperatures have to 
be calculated for the Registrar General's weekly report in this way becaase, 
having to be got out so quickly, there is not sufficient time to tabulate the 
photographs. But a good approximation, indeed a very fair value of mean 
temperature, is thus found, as may be seen by comparing the daily values 
given in the Registrar General's weekly report in any year since 1878 with 
those afterwards determined from 24 hourly photographic values, and in- 
serted in the Greenwich volume. Taking the year 1888, the last appearing 
in the table in this paper, and making comparison for the months of January, 
April, July, and October, we find that the mean daily temperature given in 
the Registrar Geneml's report deviates from the photographic temperature, 
by more than 1^, only three times in January, twipe in April, once in Jul^^ 
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and foar times in October, the greatest deviation on any day in these months 
being respectively 1°'8, 1°'4, l°-4, and 2°-6. The average deviation taken 
without regard to sign is respectively 0°-4, 0°-5, 0°-6, and 0°-6. The 
differences are evidently of accidental character, as is shown by the agree- 
ment of the monthly means. Thns the monthly means of the daily valaes in 
the Registrar General's report for January, April, July, and October 1888, 
are respectively 87^-8, 48°- 4, 67°-9, and 46''-0, the monthly means of the 
values afterwards given in the Greenwich volume being respectively 87^*9, 
48^*5, 58°'0, and 46^*0, which are practically the same. And in the whole 
eleven years, 1878 to 1888, there is no instance of a deviation greater than 
0*^4 between the corresponding monthly means. I think it will be seen 
from this comparison, that the values, given in advance in the Registrar 
General's report, are fairly representative and if required may be taken as 
representative of those, afterwards found from the photographs, which 
appear in the annual Greenwich volume. I do not pretend to say that the 
corrections for Greenwich would give equally satisfactory results for other 
places, but it is probable that they could be usefully employed for the com- 
parison of results for different places at which the hours of observation were 
not the same. 



On the Comparison of Thermometrical Observations made In a Stevenson 
Screen witli Corresponding Observations made on the Revolving Stand 
at the Royal Observatory, Greenwich. 

By WILLIAM ELLIS, P.R.A.S. 



[Beoelved May Uth. Bead Jono 17th. 1891.] 

TuE use of the Stevenson screen for exposure of thermometers for determina- 
tion of air temperature having become so general in England during late 
years, the Royal Meteorological Society, in the year 1888, appointed a Com- 
mittee, of which I was myself a member, to consider the best pattern of 
screen for use by observers in connection with the Society. Their report, in 
which the adopted form of screen is described, will be found in the Quarteiiy 
Journal, Vol. X., page 92. Afterwards, in the year 1886, on my sugges- 
tion, a Stevenson screen of the pattern recommended was set up at the Royal 
Observatory, Greenwich, adjacent to the open revolving stand, commonly 
known as the ** Glaisher Stand," for the purpose of comparing the indica- 
tions of thermometers placed in the screen with those of the corresponding 
thermometers of the revolving stand. A description of the revolving stand 
will be found in the Introduction to the Greenwich annual volume. The screen 
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contains a mazimmn thermometer, a minimum thermometer, a dry hulb 
thermometer, and a wet bulb thermometer, and since the beginning of the 
year 1887 observations of these thermometers have been regularly made at 
the times at which the reyolving stand thermometers were read, that is to say, 
the daily maximum and minimum have been observed, and readings of the 
dry bulb and wet bulb thermometers taken at 9 a.m., noon, 8 p.m., and 9 
p.m., excepting that readings of the screen thermometers have not been 
taken on Sundays, but since the question is one of differences, this does not 
signify. The results at present available are those for the years 1887» 
1888, and 1889 ; they are given in complete detail in the Greenwich annual 
volumes, but it seems desirable now to collect them in order to show what 
general conclusions may be drawn therefrom. The mean differences for the 
same month in different years are in such close agreement that it seems quite 
unnecessary to give in this paper the separate monthly differences, but only 
the mean values for each month as found from the observations made during 
the three years mentioned. These are contained in Table I. It should be 
explained, as respects the observations made at stated hours, that the order 
of observing the screen and revolving stand thermometers was reversed on 
alternate days, in order to avoid the introduction of any constant difference 
due to diurnal change. 

Considering the numbers of Table I. it will be seen that the maximum 
readings in the Stevenson screen are lower than those of the revolving stand 
in all months of the year, not much lower in winter, but considerably lower 
during the summer months, also that the minimum readings in the screen are 
distinctly higher than those of the revolving stand throughout the year, the 
difference being somewhat greater during the summer and autumn than at 
other times. The mean of the maximum and minimum readings in the screen 
differs little in the winter months from that of the revolving stand mean, but 
is lower in other months of the year, the difference being greatest in the 
summer months, depending on the greater difference of the maximum read- 
ings at that period of the year. 

The readings of the dry bulb thermometers of the Stevenson screen and 
revolving stand, as taken at definite hours, are in much closer agreement than 
are those of the self-registering thermometers ; the screen readings being at 
noon and at 8 p.m., even in summer, only a few tenths of a degree below 
those of the revolving stand. This is in striking contrast with the larger dif- 
ferences existing in summer, between the readings of the maximum thermo- 
meters of the screen and revolving stand. In the latter part of the year the 
screen readings at 8 p.m. are higher than those of the revolving stand, the 
values for the separate months in each of the three years being in close agree- 
ment in this respect. At 9 a.m. the differences are in most months small ; 
at 9 p.m. the screen readings are higher throughout the year. 

The differences between the readings of the Stevenson screen and revolving 
stand wet bulb thermometers, at the stated hours of observation, are in close 
accord with the differences between the corresponding dry bulb readings, 
being usually of the same sign and somewhat less in amount ; indicating that, 
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TABLE I. 



Month. 



• • • • • 



Jannazy 

February 

March 

April ... 

May 

June ...... 

July 

August . . . . 
September. . 
October . . . . 
NoTember . . 
December •. 



Summer \ 

Mean, ( 

April to ( 

September / 



T^inter 

Mean, 

October to 

March 



Excess of Sterenson Screen Beadings oyer Readings on the BeTolving Stand, 
from obsenrations made during the years 1887, 1888 and 1889. 



Self-Begistering 
Thermometers. 



a 





08 



a 





s 



.9 

eS 



o o 

0*27 — 0*02 

•30I — o'o6 

o-37i-o'25 

•37-0'63 

'37 — 0*70 
o'43; — o-8o 



— o'30, 
— 043 
— 0-87 

— 1*63| 

— 177| 

—2-03 

— 2*23l -)-o*47| — o*88 

-1*97 

—117 

—0-87 

— 0-47 

—013 






0*53—072 

0*57 —0-30 

•57— 0*15 

•37 — 005 

0*27 -|-o'07 



— I •80' +0*46 — -o'67 



rsi 



Tearly Mean — i'i6 



-|-0'36 —o'oS 



+0-41 



►'37 



Dry Bulb Thermometer. 



9 a.m. 



Noon. 



-I-003 
— 0*03 

— O'lO 

— 0-23 
— o*2a| 
•23' 

•271 
007I 

coo 

0-03 

O'OO 

coo 



ri7 



'02 



>'09 



— O'lO 

— o'i7 
—0-23 
— 030 
—0-47 
—0-50 
—0*40 
— 0*27 
-|-oio 
-|-o'io 
0*00 
— 0*07 



3 p.m. 



>-3i 



o 

—0-03 
— 0*07 
—0*17 

— 0*20 
—0-37 
— 037 
— 0*40 

— o'loi 

t 0-03 1 
o-ioj 
+0*13 
+017 



— 0*24 



9 p.m. 



o 

013 
•10 
•10 
0*20 
0*27 
o'i7 

•17 
•23 

•20 

0*23 

•13 
o'i7 



-|-0*2I 



•08 -4-o-o2+o*i4 



>*i9 



— o-ii -fK)'i8 



Wet Bulb Thennometer. 



9 a.m, 



Noon. 



o 

003 

O'OO 

•17 

O'lO 

013 
0.13 

0*20 
0*13 
007 
O'OO 
O'OOj 

003 



o 

—0*03 
—0*07 

— 0'20 
— 0*13 
— 0*27 
—0-30 
— 0*17 

— 0*20 

-l-0'03 

O'OO 



3 p.ni 



— o'i3 



•04 



•08 



to'03 
003 

— O'lO 

— 0*07 

—013 

— 0'i7 
— 0*13 
— 0*13 
-I-003 
+007 
•07 -|-o'io 

•07! -i-o'13 



9 p.m. 



--0'i7 



— 0*07 



— O'lO 



+0'04 



o 

-4-o'io 
-j-013 
+007 
+027 

+0'23 

+o'07 

+O'I0 

+0-17 

+o'i3 

+0'20 

-fo-i3 
+0-I3 



+0'i6 



+013 



— 0'i2i — 0'03 -|-o*i4 



on the whole, the revolving stand dry and wet bolb readings and the screen 
dry and wet bulb readings would independently give much the same valaes of 
dew point and of humidity. 

If for the dry bulb and wet bulb thermometers we take the mean of the 
di£forences of the screen and revolving stand temperatures at 9 a.m., noon, 
and 8 p.m. to represent the day condition, and the 9 p.m. difference to 
indicate the night condition, we obtain the nimibers given in Table U. 

Briefly, then, we have these results. The maximum temperature in the 
screen is lower than that of the revolving stand, in summer much ]ower, and 
the minimum temperature is higher ; whilst the readings of the screen and re- 
volving stand dry bulbs, and of the screen and revolving stand wet bulbs, as 
taken at stated hours, show difierences of a very much less marked character; 
so much 80, that any ordinary combination of observations of the screen dry 
bulb would give a mean temperature practically similar to a like combination 
of observations of the revolving stand dry bulb. 

It has been affirmed that the readings on the revolving sta^d by day ii 
summer are unduly influenced by radiation from the giound and from tb 
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TABLE II. 



Month. 



Jannaiy . . . . 
February . , . . 

March 

April 

May 

Jane 

July 

August 

September.. .. 

October 

NoTember . . . . 
December . . . . 



Summer 

Mean, 

April to Sept. 



Winter 

Mean, 

Oct. to March 



Yearly Mean 



Excess of Stevenson Screen Readings over Headings on the Bevol- 
ving Stand, from obserrations made daring the years 1887, 
1888 and 1889. 



Dry Bulb Thermometer. 



By Day. 



o 

—0*03 
— cog 
— 0*17 
— 0*24 
—0-35 

—0-37 
—0-36 

— 0"i5 

+0-04 

+o*o6 

4-004 

+0-03 



•24 



•03 



— 0*13 



By Night. 



o 

4-o*i3 

- -Q-IO 
--O'lO 
+0*20 

- -0*27 
--0'i7 

)*i7 

>*23 
)*20 

- -023 

--0I3 
+0-17 



+0-2I 



+0-I4 



Mean. 



+005 

O'OO 

—0-03 

— 0'02 
—0*04 

— o-io 
rog 
>*04 

>*I2 

-f-0'i4 
- -O'og 
-4-o*io 



— 0'02 



+o*o6 



-fo-i8 



4-0*02 



Wet Bulb Thermometer. 



By Day. 



o 

— o-oi 



)'0I 

— o'i6 

— 0*10 

— o-i8 

— 0*20 

— 0*17 

— 0-15 

O'OO 
+0*02 

-}-o*oi 

-j-OOI 



—013 



— 0'02 



— o-o8 



By Night. 



o 

no 
+0*13 
+0*07 

- -0*27 

- -0*23 
--0*07 
--o*io 
--017 
■+0*13 

- -0*20 

--o*i3 
--0-13 



Mean. 



+005 
-|-0'o6 
— 0*04 
+0-08 
+003 
— o*o6 
—003 

-f-O'OI 

4-o*o6 

--O'll 

- -0-07 
4-o*07 



+o*i6 



+0-13 



+014 



+0'0I 



+005 



+0-03 



white buildings in the meteorological conrt, and the comparison of the revolv- 
ing stand maxima with the Stevenson screen maxima seems to give support 
to such idea. But if this be the explanation of the higher revolving stand 
maxima, the dry hulb readings of the revolving stand and screen at noon 
and at 8 p.m. should show similar differences, instead of differences which 
are in every way so very much smaller, and which, indeed, in some months are 
persistently reversed in direction, the screen readings being the higher. There 
is nothing in the positions which the various thermometers occupy on the 
revolving stand which should cause anomalies. The stand is 4 ft. 6 ins. wide, 
the bulbs of the different thermometers are all placed towards the centre of 
the stand, which is kept with its inclined side always towards the sun, 
whether the sky be clear or cloudy, being turned through a certain angle at 
stated times every day. 

Wc have now, however, some direct evidence bearing upon the question of 
radiation. As regards radiation from the ground, it may be mentioned that 
it was because of a suggestion that ground radiation might affect the read- 
ings of the thermometers on the revolving stand that in the year 1878 a 
horizontal circular board, 8 ft. in diameter, was fixed on the post carrying 
the thermometer frame, in a position below the frame, at a height of 2 ft. 6 iuR. 
above the ground, with the object of affording protection to the thermometers 
in this respect. In the summer of the year 1886, some experiments were 
made to ascertain whether the removal of the board produced any difference 



I 



m 
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of reading. On four days of high temperature and bright sanshine, obserya- 
tions were made of the dry bulb and wet bulb thermometers, at short intervals, 
with the circular board alternately removed and attached, the details of which 
observations are given at the end of the Introduction to the Oreemoich Mag- 
netieal and Meteorological Ol>$ervation* for the year 1887. All the obBervations 
made are published, and the following are the results : — 



Mean reading ol dry 
Duration Number bulb thermometer with 

of of on reyolnng stand dronlar 

1886. Experiment. Comparisona. with eireular board 

board removed. 



h. m. 



removed, attached. 



•o o o 



August 21 2.40 6 71*5 719 —0-4 

28 8.30 10 71-0 70-9 +0-1 

80 5.80 16 88-5 889 —0-4 

81 8.50 11 85-7 85-6 +0-1 



if 
ft 
ff 



Means 7792 78-07 —0-15 

The concluded mean reading of the dry bulb thermometer with the circular 
board removed is thus slightly less than with the board attached. In the 
case of the wet bulb thermometer, the corresponding differences were : — 0^*2, 
+0^-1, 0^-0, and +0^1i tbe mean difference being (fOO. This indicates that 
the removal of the circular board produces no real difference in the readings. 

As respects radiation from the surrounding white buildings, the erection of 
the Stevenson screen afforded an excellent opportunity of testing this particu- 
lar question. The screen is placed a little to the east of the revolving stand, 
both occupying positions distant somewhat more than 80 ft. south of the 
Magnet House, which building the Stevenson screen faces ; so that, on open- 
ing the front vertical door, the screen thermometers become exposed to the 
direct influence of any radiation from the buildbg equally with the ther- 
mometers on the revolving stand ; an influence which, on closing the screen 
door, becomes, for the screen thermometers, completely shut off. On four 
days of high temperature and bright sunshine in the summer of the year 1887 
observations were made of the dry bulb and wet bulb thermometers, at short 
intervals, with the door of the screen alternately open and shut. All details 
are given in the Greenwich volume for 1887, and all the observations made 
are published. 



1887. 




Duration 
of 
Experiment. ' 

b* m. 
8.15 


Mean reading of the diy 
Number bulb thermometer of 
of the Stevenson Screen 
Ck>mpari8onB. with tbe door of 

theBcreen 
open. shut. 


Exoeaa 

with 

door open 


July 


4 


6 Sl'l 87°5 




—0-4 


Aufpist 


8 


1.10 


2 G9-7 69-5 


-fO-2 


»» 


4 


1.40 


8 70-9 71-8 


—04 


)> 


6 


8.40 


7 881 82-9 


+0-2 






Means 


77*70 77-80 


— 0°10 



/ 
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The concluded mean is thus, in an insignificant degree, lower with the door 
open than with the door shut. In the case of the wet bulh thermometer the 
corresponding differences were — 0°'2, 0°'0, 0°-0, and — 0°*8, the mean diffe- 
rence being — 0°'12. Corresponding readings of the dry bulb thermometer of the 
revolving stand were also taken, the mean being 78^*75, or 1^*05 higher than 
that of the screen dry bulb 77^*70, no very remarkable difference at a tem- 
perature so extreme. 

Farther, when the new thermograph was set up on the ground south of 
the meteorological court, known as the south ground, the thermometer bulbs 
were carefully protected from all possible radiation effects by two boards on 
the north side and two on the south side, an east-end board, a west-end board, 
and one horizontal board below, but with free circulation of air between all 
the boards. On five days of high temperature and bright sunshine during the 
summer of the year 1886 the north and south boards were alternately re- 
moved and attached at short intervals, and the photographic record of the dry 
bulb thermometer independently tabulated by two different observers, whose 
tabulations were practically identical. All details are to be found in the 
Greenwich volume for 1887, and, as before, no results have been omitted. 



1886. 



July 



if 





Daration 

of 

Experiment. 


Mean reading of the dry 
Nnmber bulb thermometer of 

of the new thermo- 
CompariBons. graph for inter- 

yalfl daring 
which the 
north and 
south boards 


Excesfi 

with boards 

remoTed. 




h.m. 




were 
attached. 


remoTed. 




5 


2.20 


8 


78°7 


78-8 


-fO-1 


7 


2.20 


8 


81-9 


81-7 


—0-2 


20 


4.20 


6 


70-7 


70-7 


0-0 


21 


5. 


7 


80-9 


81-1 


-fO-2 


1 


5.15 


10 


80-5 


80-6 


-fO-1 




Means 


78°64 


78^58 


-fOM04 



Sept. 



With the boards removed, the thermometer was open to any radiation from 
the surrounding wooden buildings and fences. Practically the removal of the 
boards produced no effect, and, indeed, before the commencement of regular 
work with the new thermograph on January 1st, 1887, one north board and 
both south boards were permanently removed. 

The experiments made with the circular board of the revolving stand show 
that its removal produced no real difference in the thermometer readings. 
The experiments made with the Stevenson screen show that the screen read* 
ings are practically similar both with the door of the screen open and] shut, 
and in the experiments with the thermograph the removal of the protecting 
boards produced no real change of reading. Further, these experiments 
receive corroboration from tho near agreement of the revolving stand readings 
with the screen readings at the stated hours of observation. In such widely 
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different conditions of exposnre, indeed, the differenees reallj obsenred (see 
second and third divisions of Table I.) are such as may reasonably be sup- 
posed to be in part due to contraction of the range in the sereen, acting to 
depress the screen readings by day and raise them by nig^t, and so hr the 
reTolving stand thermometers do not i^pear to be inflnenced by radiation in 
the way that has b^en alleged. It wonld seem that, for the circumstance that 
the maximum readings on the revolving stand are so mnch higher in sommer 
than those of the screen, as compared with the lesser difilOTences between the 
readings taken at stated hoars, some other explanation most now be sought. 
It is to be remembered that on a fine day in sommer the temperatore is fire- 
qoently subject to fluctuations of brief duration. The maximum is, of comBe, 
the highest point touched, no matter for how short a time such temperature 
is maintained, and the screen maximum thermometer may be less sensitive to 
such changes than is the more completely exposed revolving stand maximum. 
The readings taken at stated times, on the other hand, are as likely to UJl at 
the base as at the crest of such fluctuations. But even in the absence of any 
sufficient explanation of this apparent discordance, the observed facts, con- 
sidered as a whole, do not appear to at all warrant the conclusion that, because 
the revolving stand maxima are higher than the screen maxima, they are 
on that account necessarily wrong. 

It has been suggested that, after having carried on for a few years com- 
parisons of the revolving stand and Stevenson screen thermometers, the use 
of the revolving stand should be discontinued. That would rather be to re- 
place an imperfect stand by an imperfect screen. Each may have its faults. 
But it seems every way better to let stand and screen be both at present main- 
tained, especially when there is a willingness to carry on duplicate observa- 
tions, rather than to contemplate the immediate interruption of a long series 
of observations made in one definite way, and commenced long before the 
Stevenson screen was thought of. 

The mean daily and monthly values of air temperature, as given in the 
annual volume have, since the year 1877, been formed from hourly measures 
of the photographs reduced to the dry bulb of the revolving stand. Table 11. 
of this paper shows that values so obtained are practically such as would be 
found were the photographic values reduced to the screen dry bulb, instead 
of to the revolving stand dry bulb, that is to say, the concluded tempera- 
tures would differ only in an insignificant degree. Such being the case, it 
is a further argument for retaining at present the existing system, rather 
than replace the revolving stand by another form, which would introduce 
into mean values a small but doubtful correction, as regards absolute truth, 
but yet one that, in making any fundamental change, should properly be 
taken account of, although otherwise scarcely worth consideration. 

Finally, it should be mentioned that all thermometers are carefully com- 
pared every year with the standard thermometer No. 615, a thermometer 
kindly supplied in the year 1875 to the Royal Observatory by the Kew Com- 
niiitfo of tbo Royal Society, and that all corrections for index error are 
rigorously applied. 
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ADDENDUM. 

It has oeouKred to me that it might be interesting to add to the preceding 
paper a comparison of the observations of the thermometers placed on the 
roof of the Magnet House with the corresponding observations of the thermo- 
meters of tha revolving stand. The roof thermometers are mounted in a 
louvre boarded shed or screen, so constructed as to give free circulation of 
air, with protection from radiation. It is open towards the north. The 
thermometers are a maximum thermometer, a minimum thermometer, and a 
dry bulb thermometer, but no wet bulb. The bulbs of the thermometers 
are 4 ft. above the platform and 20 ft. above the ground. As with the 
Stevenson screen thermometers, readings have not been taken on Sundays. 
The observations were commenced at the beginning of the year 1886, and 
the results for four years are now available. 



Month. 



January 
February . 
Maroh . . . 

April 

May 

Jane 

July 

Anf U8t . . . 
September 
October . . . 
November 
December . 



Excess of Roof Thermometer Headings over 
Readings on the RevoWing Stand from ob- 
servations made during the years i886, 
1887, 1888, and i88g. 



Self-Registering 
Thermometers. 



e8 



Summer Mean — April to Sept. . . 



o 

+0*30 

— 0*23 
— 0*50 
— 1*25 

— 1'27 
— 1*63 
—177 

— 0*53 
—0-47 

— O'lO 

+0*33 



•15 



IS 

as 



o 
+023 



•loj — 0*07 

•013 

•0*20 
•0*25 
■0-28 
•0-32 
0-28 
.0*32 

•0*33 

•0*35 
■0-30 



18 

•53 
—0-51 

— o'67 

—073 

•62 

•29 

— 0*07 

tO*I2 
0-31 



—I '39 +0*27 



Winter Mean — October to Maroh 



Yearly Mean 



•II 



>75 



+023 



+0-25 



—0-56 
-fo*o6 



Dry Bolb Thermometer. 



9 a.m. 



Noon. 



o e 

+o*37' +0*22 

t 0*23 1 — 0"I2 
O'lOj — 0'30 
•23 — 052 
•20 —070 
—035 — 0-93 

-0-45 —078 
— o'i7 — 0*42 

15 — 0*20 

4-0*05 — 0*15 
4-0'40 -|-o-i2 

+0-40 +030 



— 0*26 



+0*26 



— 0^25 O'OO 



3 P.UJ 



9 p.m. 



—0-59 



+0-35 

+0'12 
-(-0'02 

•35 

■38 
— 0-50 

— 0-37 
—0-15 

-j-0*02 

- -0*23 
+0*30 

- -0-45 



+0*OI 



— 0*29 



•29 



+0-25 



— 0*02 



o 
+0*40 

- -030 
--033 
-|-0*22 

- -©•33 

4-0*12 

- -0'20 

- -0-43 

--0-45 
+0*42 

- -o'35 
-I-0-48 



+0*29 



+0-38 



+0-34 



DISCUSSION. 

Mr. Mawley said that he had made a comparison of the various Groonwich 
mean temperatures as obtained by Mr. Glaisner, Mr. Eaton, and Mr. Ellis, in 
the cases of years where the records employed overlapped, and could find very 
little agreement between them. He then quoted some figiurcs showing the 
divergencies of the various means. He thought it would have been better to 
have kept from the first to the simple means as deduced from the daily maxi- 
mun^ and TninimTim readings. Begarding the comparison between the tempers^- 
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tiires registered on the revolving stand and in the Stevenson screen, Mr. 
Ellis's figiures showed greater differences between the two forms of exposure 
than he (Mr. Mawley) had obtained from six years* observations made with 
similar screens at Addiscombe. His experience in observing with different 
screens had taught him that a great deed depended upon whether there was a 
good lawn under the thermometer screen. He could not understand why during 
the summer months the mean differences between the temperatures on the two 
screens at Greenwich should come out about four times as great in the case of 
the maxima as in that of the 8 p.m. readings. 

Mr. Stmons agreed with Mr. Ellis that it would be a great pity to give up the 
observations made on the revolving stand in favour of those naade in the Steven- 
son screen, and he sincerely hoped that the old form of stand would continue in 
use, as it had now done service at Greenwich for so many years ; and he hoped thai 
the authorities would be able to arrange that in future the readings of the ther> 
mometers in the Stevenson screen should be taken on Sundays, so that there 
would be available (1) a record strictly comparable with that of past years, and 
(2) a record strictly comparable with those from the inspected stations of the 
Boyal Meteorological Society. He considered that meteorology at the Royal 
Observatory was badly treated by the authorities, and he thought it would be an 
advantage if a large part of the spectroscopic and astronomical work were carried 
on at a more suitable locality in the country, so that better provision could be 
made for the meteorological department. 

Mr. G. Hardiko said that the means given by Mr. Ellis were exceedingly 
valuable, and it was a great gain that correction had been made for the gaps 
which from various causes occurred in the series of observations. He had always 
looked upon the Greenwich volume containing the reduced temperature obser- 
vations for the 20 years 1849-68 as a splendid piece of work, and a work of high 
scientific value which supplied a great need for the ordinary inquirer. He had 
shared the opinion expressed by the Astronomer Royal in the text which accom- 
panies the Tables " that the whole work may be considered as a model of 
accuracy on a very large scale." He was greatly siurprised to notice the large 
differences which were shown between the values in the Greenwich volume and 
Mr. Ellis's figures, differences which from their magnitude greatly lessen the 
usefulness of the Greenwich reductions. He had tabulated and taken the 
averages of the daily maximum and minimum readings at Greenwich since 1840, 
and on comparing the means thus obtained with Mr. Ellis's figures, he found a 
very good agreement. He quoted certain differences which occur between the 
values in the Greenwich volume for 20 years, and those given now by Mr. Ellis. 
In the volume for 20 years the January and February means for 1849 are 
respectively 42°*7 and 42°*8, whereas, according to Mr. Ellis, they should be 
40°'8 and 48**1, so that instead of February being colder than January by 0°'4 it 
is really warmer by 2°'3. According to the Greenwich volume December 1860 
is 8°'5 warmer than December 1859, but Mr. Ellis's values show it to be 0^*3 
colder, and this sort of difference occurs very frequently where opportunitv 
is afforded for comparison. It is these differences which, being known to exist, will 
greatly lessen the value of the Greenwich volume. No attempt having been 
made to correct for the absence of observations throughout the series of the 
Greenwich observations also vitiates very greatly other parts of the work — for 
example, in May 1868 the mean air temperature and the mean temperature of 
evaporation at 8 ajn. are both 44°*6, but it is seen that the dry bulb is obtained 
from 25 days' observations, and the wet bulb from 20 days* only, so that practi- 
cally no comparison is possible. In 1862 the July air temperature mean is ob- 
tained from 27 days, and the evaporation from 17 days. He regretted this want 
of judgment in the discussion, as he attached the very highest possible import- 
ance to the series of observations made at Greenwich, which in many ways stood 
unique in its position with regard to meteorology. 

Mr. RosTRON said that he agreed with Mr. Elus that it was an utter fallacy to 
take averages of short series of years. Ten years was certainly much too short 
a period, and he did not consider 50 years was by any means too long. In fact, 
he was of opinion that for the purpose of meteorological averages the longer the 
series of years the better was the average obtained. He illustrated the truth of 
his remark concerning averages deduced from short scries of years by instancing 
tY\Q air temperature at Greenwich in the month of October, which, during the 12 
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years 1855-1866 both inclusive, was continually in excess, but had now for several 
years past been in defect of the mean. The month of February, during the last 
80 years, exhibits similar *' eccentricities." 

Mr. Tripp thought that if it were possible to discover cycles of years from such 
a series of observations as those placed before them by Mr. EUis, the true mean 
should contain a due proportion of the high and low readings in each cycle. 

Mr. Ellis said tluit in the table of mean temperature now presented the 
results depend on 24 hourly values on each dav, adopting, as rec^uired, values from 
the eye observations for days on which the photographs were miperfect or want- 
ing, BO that the whole period is completely represented. Results depending in 
this way fundamentally on hourly temperatures necessarily supersede for the 
period in question all other values, and he hoped to see also published, in due 
course, the corresponding daily values from which the present monthly results 
are formed. For those who prefer the simple mean of tne maximum and mini- 
mum temperatures, the Greenwich volumes have already continuously supplied 
the necessary information. He considered it to be quite possible that at different 
places the dmerences between the readings on an open stand and in a closed 
screen might not be similar, and yet be equally true for each particular case. It 
seemed to him that meteorologists too often expected an accuracy and an agree- 
ment of results not at present attainable. In regard to the 20 years* reductions, 
their value consists in the full and complete information afforded on the diurnal 
inequalities of meteorological elements in relation to which the omission of a 
few days in some months, owing to imperfect photographs, becomes of -little prac- 
tical importance. Photographic processes, a <][uarter of a centurv ago, had not 
the certainty of those of modem times. He did not understand the surprise ex- 
pressed at the monthly means of air temperature therein contained varying 
from the means of the table now presented, since a little examination of the book 
would show that the monthly means collected in Table 52 are those appearing in 
Tables 88 to 49, against the columns containing which means is to be found 
another column giving the number of days in each month on which the several 
means depend. He thought that the collected monthly means of Table 52 should 
have been corrected for omitted days, but the work was not done under his direc- 
tion, although he had to see it through the press. In two tables which, however, 
he was able to add to the 20 years* reductions. Tables 21 and 77, giving mean 
daily values of atmospheric pressure and of air temperature (a 20 years* 
average), he did take account of days on which photographs were wanting, as is 
noted in the introduction to the work. What has been said on the non-corre- 
spondence of da^s employed in the tables of air and evaporation temperatures, 
Tables 88 to 67, is likely to produce an erroneous impression as to the extent of 
such non-correspondence. In 20 years there are 240 months, and only in 8 
months does non-correspondence exist, and in these the difference exceeds two 
days in a month on four occasions only, June 1858, May 1868, July 1861 and 
1862. For the remaining 282 months the hourly values of the two elements are 
strictly comparative. All this is easily seen, as the tables themselves give com- 
plete mformation on these points. He did not say that it would not have been 
better to have avoided more completely such non-correspondence; he would 
have preferred to have done so ; at the same time it should be understood that 
this affected the work only in a slight degree, and could not reasonably be said 
to detract from the real value of the results. 
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STANLEY — PHONOMETEB. 

PHONOMETER. 

By W. F. STANLEY, F.R.Met.Soc., F.G.S. 



[BeoeWed May 22nd.~Bead June 17th, 1891.] 

This insinunent, which is really a new form of chronograph, has been 
designed for the purpose of ascertaining the distance of agon by observations 
of the flash and the report of its discharge, by noting the difference of time 
that light and sound take in reaching the observer. It is introduced to this 
Society for the object that it provides a means of measuring the distance of 
an electric discharge, by the difference of time between which lightning is 
observed in the flash and the following report of the thunder is heard, pro- 
viding by this means an item of meteorological measurement not heretofore 
recorded. 

The manipulation of the phonometer is x simpler than that of any form of 
chronograph, in that for complete indication of an observation, there is only 
one button to be pressed. This button acts by simple pressure in setting its 
time-going apparatus firee, and stops instantly by the release of the pressure, 
leaving the indication, according to the divisions of the dial, either to the 
exact time between the pressure and the release, or the distance (calculated 
from the mean velocity of sound in air) in yards. This indication is without 
any calculation of difference of time as with the chronograph, as the time- 
going apparatus starts uniformly from zero at the instant of pressure, and 
entirely stops upon release of the pressure. The index-hand is afterwards 
returned to zero by a second pressure upon the same button employed in the 
observation, where it remains ready at any time for future use. 

The construction of the Phonometer varies firom a chronograph only in that 
it possesses additional parts. The chronograph, which is a constantly -going 
watch, requires most delicate manufacture to enable it to keep in order under 
constant wear. This instrument is going only at the time it is in use, by 
which there is no appreciable wear upon its most delicate parts, that may 
therefore be made to the highest degree of sensitiveness without danger of 
such parts becoming dull. This instrument is so constructed that the pres- 
sure given in returning the index -hand to zero shall also wind the spring 
more than sufficiently for another observation, means being at the same time 
provided that the spring cannot be overwound. There is, therefore, no key 
or winder required, and no risk that it shall not be ready at any moment for 
taking an observation. The index-hand makes the entire circuit of the dial 
in 80 seconds, but so long as the button is held down it goes on continuously, 
by which means as many half-minutes as desired may be taken. The half- 
minuto revolution enables the dial to be made with very open space readings. 
The details of the instrument, beyond the escape system of a perfectly sen- 
sitive chronograph for the going part, are shown in the diagram plan of th^ 
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instrument, which is representedwith the outer case and dial removed, thereby 
showing the mechanism, which is worked by the pressure of the push B. 

A is the index hand ; T^; is a piece of steel, working on screw F when 
pushed down by the push B, (7 is a small pawl attached to steel piece E, 
which turns the ratchet wheel H connected to the mainspring arbor whenever 
F. is pushed down by pushing B, the ratchet wheel H being held in position by 
pawl and spring I. 





Connected also] to the steel piece E is another pawl, J*, which engages in 
lower part of the castle-wheel K, and partly revolves it when E is pressed 
down. This pawl J is extended to come in contact with the lever L when 
pressed down, and turns it slightly on its centre, which movement shifts the 
lower end carrying a pin M projecting inwards, and against the rim of the 
escapement wheel, away from the escapement wheel, thus setting the escape- 
ment free to work ; at the same time the castle wheel K is partly revolved, 
which raises the lever N free firom the heart-shaped frictional return piece 
for the index-hand. It will thus be seen that the act of pressing the push B 
partially winds the main spring, sets, the escapement free, and raises the 
lever N from holding the index-hand at zero ; and the act of releasing the 
pressure causes the steel piece E to return to its normal position by the 
spring O, thus removing the extension of pawl J from the lever L, which 
again stops the escapement wheel, leaving the index-hand at whatever distance 
it has travelled during the time the push was held down. 

By pressing the push again the castle wheel K is arranged to drop the 
lever N upon the heart P, which returns the hand to zero, and the instrument 
is then ready to record again. 

Beneath the plate carrying the above described mechanism the ordinary 
train of wheels of a chronograph are arranged. 
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one year longer e,g, than in the year before, next year it is shorter than this 
longer one, and so on. This will appear from the following table, which 
gives for each year the number of the maximum month, and the length of the 
interral it terminates : — 



Year. 


No. of 
max. months. 


Interyal in 
months. 


Year. 


No. of 
max. months. 


Intenralin 
months. 


1840 


10 


• * • 


1866 


2 


60 


1841 


10 


12 


1867 


8 


18 


1842 


10 


12 


1868 


12 


16 


1848 


6 


8 


1869 


1 


le 


1844 


10 


16 


1870 


11 


22 


1845 


12 


14 


1871 


8 


9 


1846 


9 


90 


1872 


11 


16 


1847 


11 


14 


1878 


1 


2 


1848 


7 


8 


1874 


10 


21 


1849 


8 


18 


1875 


8 


10 


1850 


12 


16 e 


1876 


12 


16 


1861 


2 


2 


1877 


1 


1 


1852 


10 


20 


1878 


6 


16 


1858 


7 


9 


1879 


7 


14 


1854 


6 


11 


1880 


10 


15 


1855 


6 


12 e 


1881 


9 


11 


1856 


9 


15^ 


1882 


10 


18 


1857 


9 


12 


1888 


10 


12 


1858 


6 


90 


1884 


12 


14 


1859 


9 


16 


1885 


10 


10 


1860 


6 


9 


1886 


11 


18 


1861 


12 


18 


1887 


10 


11 


1862 


4 


4 


1888 


7 


90 


1868 


9 


17 


1889 


6 


11 


1864 


10 


1» 


1890 


7 


180 


1865 


9 


11 









This table farther shows that the role, as just indieated, is not 
nniyersal. Excluding two cases at the outset, where the interval is exactly 
a year, we find ten exceptions (or exceptional years, marked e in table). 
These anomalies are of the following nature : (1) Lengthening of the interval 
twice in succession after a normal lengthening (2 years) ; (2) Shortening 
twice in succession after a normal shortening (2 years) ; (8) Lengthening once 
after a normal lengthening (2 years) ; (4) Shortening once after a normal 
shortening (4 years). The curve of those variations is normally, then, a zig* 
zag one, wiUi a relative maiimnm every second year ; and likewise a relative 
minimum. 

The intervals between the maxima in our principal curve vary in length 
from one to 22 months. The exceptions seem to have occurred chiefly in 
periods of rainfall that were generally under average ; and in some of the 
exceptional years the maximum is not very pronounced* 
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We have here, then, it is suggested, a means of estimating beforehand, 
with considerable reason, whereabouts in a commencing year {i.e. before or 
after such and such a month) the maximum (as above explained) will probably 
fall ; that is, we have indications where we should look for the three consecu- 
tive months giving the greatest (three consecutive months) rainfall. If the 
maximum of last year was further apart from the one just before, than that 
from the one before it, we should expect the current interval to be shorter 
than the last ; in the opposite case, longer. 

It may be mentioned that the rainfall data for Paris give very similar 
results. 

n. Bayi of rain in June to SepUmher. — ^The well-known saying about St. 
Swithin's Day is of course often falsified by observed fEusts. But the wide- 
spread idea, evidently related to it, that wet or dry weather, coming about 
the time of the summer solstice, has a tendency to persist, appears to find 
some vindication in experience. 

I propose to offer here some evidence for the proposition that '' the total 
number of days of rain ('01 in. and over) in July to September varies, on the 
whole, with the number of days of rain in June." 

The data are presented in the following table ; the stations selected being 
Barnstaple, Borrowdale (Seathwaite), Aberdeen, Chiswick, and London. The 
figures for the first three are obtained from Mr. Symons's Meteorologieal 
Magazine. 

Barnstaple (1866-88). 



Days rain 
June. 

Oto 8 


No. of Average Days 
oases. rain July- Sept. 

7 89-7 


Eztr61KIM 

Jnly-Sept. 
29—66 


Over 8 to 12 


6 46-2 


86—69 


Over 12 to 16 


5 49-6 


42—61 


Over 16 


4 55-0 


68—68 


BoBBOWDALE (Seathwaitc) (1866-88). 
to 11 8 52-2 


89—61 


Over 11 to 15 


5 59-6 


48—67 


Over 15 


8 61*8 


46—76 


Oto 11 


Abebdeen (1866-88). 
7 48-7 


86—69 


Over 11 to 16 


8 50-7 


84—64 


Over 16 


7 57-4 


44—70 


Oto 8 


Cmswiox (1826-69). 
11 84-1 


Wr—a 


Over 8 to 12 


11 89*2 


82—62 


Over 12 to 16 


12 40-8 


28--60 


Over 16 


10 44*6 


86—68 


Oto 7 


Greenwich (1870-89). 
6 85*6 


28—41 


Over 7 to 12 


6 87-6 


88—48 


Ov^r 12 


8 48*4 


87— «8 
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The plan adopted is first to classify the years (in the periods indicated for 
each station) according to the number of days of rain in Jnne (0 to 8, over 
8 to 12, and so on) ; then, patting down for each year in a given group the 
total number of days of rain in July to September, to take the average of 
those totals for the group. We thus get an ascending series of averages for each 
station, with an ascending series of days of rain in June. Thus, in the case 
of Barnstaple (perhaps the best example), we have, with to 8 days' rain in 
June, 89 '7 days' rain in July to September, on an average of seven years ; and 
the average rises in the next two groups, till, with over 16 days' rain in 
June, we have 55 days' rain, on an average, in July to September ; showing 
an extreme difference of 15*8 days. The extremes of variation;of the number 
of days of rain in July to September are also indicated for each group ; and it 
will be seen that while the maxima and minima both form in general ascending 
series, this rule is occasionally broken, and the range is in any case wide ; 
which, no doubt, detracts from the practical value of the facts. Yet some 
useful indications, it seems to me, might be derived from this view of the casoi 
especially where June is found to be considerably above or below its average 
of days of rain. Thus, recurring to Barnstaple, consider what we have to 
guide us in forecasting the number of wet days from July to September. 
Apart from a consideration of June, we have the general average number of 
days' rain in those three months (say 16), representing, let us suppose, 
the maximum of probability ; with a possible range (according to those 22 
years) from 29 to 68 (or 84). Considering June, on the other hand, we have, 
with a dry June, an average of about 40 days' rain in the next three months, 
with a wet June, an average of 55. And the probability may be supposed to 
diminish from those averages to the extremes of 29 and 55 in the one case, 
and 58 and 68 in the other. The series of years is here too short ; and I 
make use of it merely to show how the principle may be applied, and how 
some little advantage, in greater definiteness of forecast, may possibly attach 
to its application. 

m. Waves of Sunshine. — I would invite attention to the smoothed curves 
of bright sunshine obtained from the weekly Greenwich values (smoothed by 
means of three weeks averages). The accompanying diagram contains six 
of these as specimens (viz. for the years 1881, 1882, 1888, 1884, 1888, and 
1890). 

One feature apparent in many of these curves is the succession of distinct, 
more or less regular waves, varing in number up to six or seven at most in 
the year. Then the same type of curve tends to recur, apparently, the 
maxima of both, perhaps, even falling about the same time ; and likewise 
the minima. Thus one sees at once the general correspondence of 1884 with 
1888, and of 1890 with 1888. In the latter pair we have two maxima coinci- 
dent in time at the 15th week ; then a more pronounced maximum in the 
20th week of one year and the 21st of the other ; then a deep cleft in both 
curves at the 28th week, while the remainders are generally alike. 

Again, considering the intervals between pronounced maxima (40 cases), 
the most common length seems to be about six weeks ; and about tnretj* 
fourths of the whole are between five and nine weekSi 



itQ UACDOWALL — HOliE BUaOKSTlONS BEAHINQ OK VEATBER PBKDICTIOlt. 

Another lino of inqnirj is an to what particular fixed times is tbt; year 
mch relative maxima and minima of snnehine tend to be incident. For 
apparently there is sach a tendency. Perhaps a longer series than this of 
Greenwich is required to determine the matter satisfactorily, and I cannot pro- 
fesB to have worked it out on the present data ; bnt attention may be called 
to the 21st week (about the end of May), which appears generally to be a 
nmoy centre ; while the 16th and 24th weeks hare rather an opposite 
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Once more, the gcut-rnl clianictrr uf the I'urit-!^ si-eiii.-< lo rary froin lime 
to time between complexity and simplicity. Thus tlic last pair may be 
described as simpler than those above ; they have fewer distinct waves. (1889 
is Boiiicwhat nimilar to its two neighbours here given). It is known that 
id68 was a time of maximum sonspots, and 1880 one of minimum ; and one 
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is disposed to ask, Might this have anything to do with tho carious difference 

of type of the ouryes about those two years ? The series is too short to 

warrant an opinion on the point ; but perhaps the matter is worth looking 

into when more observations are available. 

The general line of investigation suggested, then, is by a careful study of 

the entire series of such curves (since 1877) to form some idea (which 
appears to be possible) as to where those three weeks' relative maxima and 

minima of sunshine in a commencing or current year are likely to recur.^ 



PROCEEDINGS AT THE MEETINGS 

OF THE SOCIETY. 

May 20th, 1891. 

Ordinary Meeting. 

Baldwin Latham, M.Inst.CE., President, in the Chair. 

Michael Geoboe Foster, M.A., M.B., Alassio, Biviera di Pomente, Italy ; and 
John Bobinson, J.P., Westwood Hall, Leek, 
were balloted for and duly elected Fellows of the Society. 

Mr. Stmovs stated that the subscriptions promised to the New Premises Fund 
amounted to jB1,157 28. 

The following Papers were read : — 

"On the Vebtigal CiBcnLATioN OF THE Atmosphere in relation to the 
FORMATION OF Storms." By W. H. Dines, B.A., FJl.Met.Soo. (p. 208.) 

"On Brogken Spectres in a London Fog." By A. W. Clayden, M.A., 
F.B.Met.Soc. (p. 209.) 

" An Account of the * Leste,' or Hot Wind of Madeira.** By H. Coupland 
Taylor, M.D., F.B.Met.Soc. (p. 217.) 

Mr. Shelford Bidwell, M.A., F.B.S., also eidiibited an Experiment showing 
the effect of Electrification upon the condensation of Steam, (p. 258.) 



JtJNE 17th, 1891. 

Ordinary Meeting. 

Baldwin Latham, M.Inst.CE*, President, in the Chair. 

Jeremiah Jamks Colman, M.P., Carrow House, Norwich ; 
Ernest B. Dukoff-Gordon, B.A., Allahabad, N.W. Provinces, Lidia ; 
George Edward Leon, Bletchley Park, Bletchley ; 
Thomas de Cotjrcy Meade, M.Inst.CE., The Park, High^te, N. ; and 
Frank Bussell, F.B.G.S., 16 Montrell Bead, Streatham Hill, S.W., 
were balloted for and duly elected Fellows of the Society. 

^ I may state that I haTe made out corves for all those years, and they are to open 
inspection by any one who may wish to see them. 
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The following Papers were read : — 

"A Curious Case of Damage by Lightning." By Alfred Hands, 
F.B.Met.Soc. (p. 226.) 

" On the Mean Temperature of the Air at the Royal Observatory, Green- 
wich, AS DEDUCED FROM THE PHOTOGRAPHIC RECORDS FOR THE FORTY YEARS FROM 

1849 TO 1888." By William Ellis, F.R.A.S., F.R.Met.Soc. (p. 283.) 

" On the Comparison of Thermometrical Observations made in a Stevenson 
Screen with corresponding observations made on the Revolving Stand at 
the Royal Observatory, Greenwich." By William Ellis, F.R.A.S., 
F.R.Met.Soc. (p. 240.) 

" Phonometer." By W. F. Stanley, F.G.S., F.R.Met.Soo. (p. 250.) 

" Some Suggestions bearing on Weather Predictions." By Alex. B. 
MagDowall, M.A. (p. 252.) 



CORRESPONDENCE AND NOTES. 

An Experiment showing the Effect of Electrification upon the Con- 
densation of Steam. By Shelford Bidwell, M.A., F.R.S. 

Water is boiled in a small tin bottle, famished with a cork through which 
passes a glass tube terminating in a nozzle of about l-16th inch aperture. The 
shadow of the steam as it issues from the nozzle, when cast upon a white screen 
by a powerful light, appears under ordinary conditions to be of feeble intensity 
and of a neutral grey tint, showing that the steam is nearly transparent. But if 
a discharge of electricit^y is directed upon the base of the jet of steam by means 
of a bundle of needle points in connection with an influence machine, the shadow 
at once becomes dark and dense, at the same time assuming, especially near its 
edges, a peculiar orange-brown hue. The electrical discharge appears to act by 
promoting coalescence of the exceedingly minute particles of water contained in 
the jet, thus forming drops large enough to obstruct the more refrangible rays of 
light. 

The experiment suggests a possible explanation of the intense darkness of 
thunder clouds, as well as of the lurid yellow glow by which such clouds are 
often distinguished. 



Further Note on the Relative Prevalence of different Winds at the 
BoYAL Observatory, Greenwich. By William Ellis, F.B.A.S., of the 
Boyal Observatory. 

The paper which I communicated last year to the Boyal Meteorological Society 
on the above question^ was prepared with the object of showing whether the 
increased prevalence of North-east winds which Mr. Prince had found in recent 
years to exist at Growborough was indicated also by the Greenwich records. In 
that paper I compared together the results obtained by Mr. Prince from one 
observation daily at 9 a.m., with results for Greenwich taking into account the 
whole twenty-four hours. This was done simply because the Greenwich results 
existed in such shape available for immediate use. Mr. Prince took exception at 
the time to the comparison made in this way, and indicated his belief, as I imder- 
stood, that if the comparison of his results had been made with corresponding Green- 
wich results, that is with such as would have been obtained by discussion of the 
observed indication of the wind at 9 a.m. only, much of the discordance woidd 

1 Qiutrterly Jonr, Vol. XVI, pugc 221. 
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liave diBappe&red. I &m afraid that I maj not have appeared to give due atten- 
tion to his remarks on this point, one reason that weigned with me perhaps being 
that my examination of the Osier aneniometer record, day b; day, throngn a long 
series of years, had certainly not impressed me with any idea that the difierenee 
in the resnltB found for the two places could be due to the circumstance that, in 
the discussion of the Greenwich winds, the whole day was considered, instead of 
G a.m. only. 

In Mr. Prince's Report for the year 1890, of which he has kindly favoured me 
with a copy, I observe thathereiterateshisobjection to the method of comparison 
adopted. It aeeniB, therefore, desirable to make the comparison in the way etfg- 
gested bj him. It happens that the Meteorological Report that we send daily to 
the Meteorological Omce. and in other directions, inclades the direction of the 
wind at 9 a.m, as taken from the anemometer record. These directions I have 
now discnssed for the years 168G to 1889 to which Mr. Prince again refers. 
Unlike the results before given, these have been tabulated as referred to sixteen 
points of the compass, instead of eight. And since it is not a new extraction 
from the Osier record that is now mode, but simply the employment of the diuly 
directions of wind as given in reports all prepared before the discordance 
mentioned by Mr. Frinoe was (in the year IBOO) pointed out, any possibility of 
individual bias in the pre^ation of the results becomes removed. In saying 
this I cast no reflection, wishing simply to make clear the thorough independence 
of the Greenwich result. 

TABLE I. — NnvBiB op Dais or FHETAUitiCB or DtnxBEaT Wikds di kach YstB, 
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To reduce the numbers of Table I. to eight points of the compass, half the 
number of days oi North -north -west wind, and half the nnmberofdaysof North- 
north-east wind were in each year added to the number for the North wind, and 
so on. The results as referred to eight points are contained in Table II., adding 
thereto the previous Greenwich means, and also the Crowborough means. 
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By the substitution of the 9 a.m. direction for that for the whole day at Green- 
wich, the mean number of days of North-east wind becomes increased from 52 to 
54, and the number of da^s of South-west wind decreased from 100 to 92, both 
changes, though small, being in the direction of bringing the numbers more into 
harmony with those of Mr. Prince. But the new Greenwich numbers for North-east 
and South-west winds are still widely different from those of Mr. Prince. The 
difference is, therefore, not to be explained in the way supposed. One curious 
point is that the numbers for other winds are in general in good agreement. 



The «* Ignis Fatuus," or, Will o* the Wisp. By F. Ramsbotham, F.B.Met.Soc. 

Fob some years now, since* I have been living at the Warren, Growborough, in 
Sussex, I have, in common with many others, been struck by seeing Will o' the 
Wisp, or Iffnis Fatuusy playing about in the evening at various times, sometimes 
in one place, sometimes in another, and sometimes two at once, but not in the 
same* place. Now I have observed that these appearances always coincide with 
unsettled weather, that is, that bad weather has invariably followed their appear- 
ance — in fact, it is quite a storm warning to us, as bad weather is sure to follow 
sooner or later, generallv sooner. 

On Saturday, September 26th, 1891, one of my brothers and myself watched 
one for some time, and last night (October 1st) it appeared in the same place and 
was visible quite half-an-hour. It does not deduce about, but now and then takes 
a graceful sweep, now to quite a height, and then makes a gentle curve down- 
wards, after sparkling and scintillating away for ten minutes or more. 

In the winter there is generally a very remarkable one which appears to rise 
in Ashdown Forest beyond this estate, which I have known to keep steadily in 
the air for half an- hour, and then sail away a long space and stop again. Our 
keeper has seen it dozens of times, and in every case bad weather followed. 



South African Weather 1890-91. By Gharles Gowen. 

Mr. Gowen, in a letter from Johannesburg, dated April 1891, says : — " Nearly 
every mail from beyond the Equator to South African ports, for months past, has 
brought news of the phenomenal winter which has covered the European belt of 
the northern hemisphere, increased mortality to an imusual degree, and done 
vast damage to property. 

'* To readers on tiie northern side of the globe, it may be of interest to have 
attention drawn to what has been transpiring meteorologically on this side ; and 
for some to consider whether beneficial results of any kmd may be obtained by 
extending systematic observations to at least the principal parts of this Gontinent, 
now being widely embraced by the white race, in addition to what is done by 
the Meteorological Gommission of the Gape of Good Hope, whose observers 
touch Bloemfontein in the Orange Free State, and Johannesburg and Hushen- 
burg in the Transvaal. 

** While the winter in Europe and North America has been one of greater 
hardness, and its range wider than has been known for many years, the corre- 
sponding period (our summer), in portions extending from Zambezia towards 
the Gape, nas been remarkable for the rains and storms that have prevailed. 
They began in the Transvaal at an unusually early date ; and I find that the Free 
State, Natal, the Transkeian Territory, and sections of the Colony had these early 
downpours as we have had thcin — often accompanied by bisfh winds and heavy 
electric storms, with brief intervals to the preneni time. Many of these fiert-'e 
storms synchronised with distressing snowfalls and extreme frost on the northern 
half of the globe (reported to us by cablegram;. 

«* I do not give details here, because too many of them would be required to 
be of practical use to the readers of so brief a paper as this must be. Those who 
care to follow up the subject will find all the information at present recorded in 
the files of South African newspapers at the Ro^ol Colonial Institute, the offices 
of the Agent-General for the Cape of (iood Hope, Sir Gharles Mills, K.G.M.G., 
Uie Crown Agents for Natal, and the Consuls-General in London for the South 
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African Republic and the Orange Free State. There too, they will find, at least 
with Sir Charles Mills — I do not know what the others may have — the Annual 
Reports of the Gape Meteorological Commission, and maps of rainfall for years 
past, with which they can compare as much information as a newspaper will give 
them of our latest seasons* rains. But the follo%ving may be mentioned here : — 

'' The rains on the East Coast and the high inhmd plateaux have been less 
steadily from the South-east than they usually were. The downpour has come 
from several quarters in succession, and ever3rwhere more prolonged in duration 
and far greater in quantity than ordinarily. 

** In Basutoland the rains were later than they should have been, but they 
have made up in quantity and persistence what they wanted in punctuality of 
recurrence. 

** The wet season varies, of coarse, in South Africa, not only according to the 
latitude of the several countries, but to the usual physical conditions which 
affect the copiousness and the reverse of rains. But throughout the 
Continent the rains of 1890-91 have been excessive. What the averages 
will be, it is not possible to state at present. On the West Coast of the Cape 
Colony, a cold South Atlantic current sweeps ; and on the East Coast, one so 
much warmer that at False Bay it is 15° higher in temperature than at Table 
Bay — a sandy, low level strip of land, 20 miles broad, separating the two Bays 
from one another." 

Mr. Cowen then refers to the excellent work accomplished by the Cape 
Meteorological Conmiission, and suggests that much more information on the 
meteorological condition of the various countries of South Africa might be 
obtained if the interest and cooperation of several companies and gentlemen were 
secured in the matter. ' 

He then goes on to say : — '* Climatic conditions of new countries must influence 
emigration, and omigration trade. There are parts of the Transvaal equal to the 
most balmy lovely spots upon the globe, and some like Scotland, none like 
Manitoba or Labrador, but some valleys where fever reigns and people die, and 
some parts where longevity is common. There are portions of Bechuansdand 
where no white man should settle, and others again within its limits which would 
give new life to thousands of the over-crowded people of the United Kingdom ; 
while piirts of Mashonaland are described as a very land of Beulah, and certain 
river and coast stations as the grave of the white man. 

" Under the existing seotliing condition of life in the mother country, when 
public thought is strained to know what best to do with the siu-plus population, it 
must surely be of some consequence to know also reUably the climatic character 
of the countries to which some of that surplus may be sent, and to devise 
machinery for regularly obtaining that information. Thus, for climatic reasons 
all whites have to clear out of part of the country towards portions of the Zam- 
bezia in November, if they will not leave their bones there. There is a time of 
the year when travelling by the Delagoa Bay route to and from the Transvaal is 
dangerous, and another when it may be aone with impunity. So, too, with 
portions of this last-named grand coimtry in which Britons have acquired millions 
of acres — some areas are notabl}^ healthy all the year roimd, others northward 
and eastward are to be avoided as one would avoid the Upas Valley of Java ; and 
some of these Valleys of the Shadow of Death change their characters as fire and 
civilisation systematically approach them, just as the tsetse fiy has disappeared 
with the extinction of large game." 



The Mktkorolooy of South Wkst Africa. 

r>n. H. S<:HLirnTF.R. in a paper' on "The Geojrraphy of South West Africa," 
which was read at the recent Meeting' of the British Association at Cardiff, gives 
the following account of the meteorology of that district, which is, however, only 
imperfectly known, as only quite recently meteorological observations have been 
commenced at some of the missionary stations. 

There are two distinct seasons, viz. the hot or rainy and the dry. The former, 
in which most of the rain falls, lasts from November to May, and the latter 

1 The ScoUuk Geographical ilagasine. Vol. YU. p. i$4. 
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during the rest of the year. The rains seldom last long, but fall very heavily, 
and with the thunder which accompanies them, proceed regularly from east to 
west towards the Atlantic. In the dry season ttie sky is often cloudless for 
months together ; but as a rare occurrence it has happened that, even in this 
part of the year, rain has fallen not only in Herero-land but also in the interior, 
on the highlands of the North-western Kalahari and the Omaheke. The meteoro- 
logical phenomena near the Atlantic coast are in many respects analogous to 
those on the west coast of South America. The cold Benguela current coming 
from the south is the cause of the very low temperatures observed there ; 
Walvisch Bay, for example, having an average annufld temperature of 68° Fahr«, 
and often bitterly cold nights. Cold mists rising from the sea at night time, and 
saturating everything with moisture, are of regular occurrence along the coast, to 
which, however, they are limited, very seldom being met with at Otjimbingue 
and other places more in the interior. To a certain degree these mists are the 
only substitute for the rain, which is almost entirely absent in the desert coast 
region. This absence is due chiefly to the West and South-west winds, which 
blow regularly for a longer or shorter period every day, and carry inland the 
little moisture wliich rises from the cold Benguela current, so that no rainfall 
near the coast is possible. But also the more eastern districts receive only 
irregular supplies of rain from this moistiu-e, as the winds blow during the day, 
when the heat of the ground is usually very great, and, therefore, produces an 
upward current of air, so that thunderstorms and heavy rains are the chief cha- 
racteristics of the wet season. It appears from this, that no definite distinction 
shotdd be made between the meteorology of the central parts of Herero- and 
Nama-lands and that of the Kalahari Desert, as the winds are not dessicated by 
passing over high mountain ranges, but are without sufficient moistiure from the 
above-mentioned circumstances. The scarcity of rains in the Kalahari is owing 
chiefly to its greater distance from the Atlantic : but that thunderstorms and 
heavy rainfall do occasionally occur in the eastern parts of the country, even in 
the neighbourhood of Lake Ngami, is recorded by various travellers. With 
regard to the distribution of the rainifall, it may be remarked that more falls in 
the northern than in the southern parts of South West Africa ; and near the 
Orange Biver there are certain districts which are said to be entirely rainless. 
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Amebioan Meteobolooical Joubnal. A Monthly Review of Meteorology 
and Medical Climatology. July-September 1891. 8vo. 

The principal contents are :— Franklin's Kite Experiment : by A. McAdie 
ril pp.).— Cloud Heights and Velocities at Blue Hill Observatory: by H. H. 
Clayton (15 pp.).— Meteorological Kite-Flying : by W. A. Eddy (3 pp.).— The 
Samoan Hurricane of March 1889 : by E. Hayden (15 pp. and 2 plates).— 
Mountain Meteorology : by A. L. Rotch (3 pp.). This contains extracts from a 
series of three lectures delivered before tne Lowell Institute of Boston. — On the 
various kinds of Gradients : by L. Teisserenc de Bort (5 pp.).— The Climatic 
History of Lake Bonneville : by R. De C. Ward (7 pp.).— Water-Spouts : by 
Trof. Cleveland Abbe (4 pp.).— The Aspiration Psych rometer and its use in Bal- 
loons : by Dr. R. Assmann (6 pp.).— The Bergen Point Tornado : by W. A. 
Eddy (5 pp.).— The Hot Winds of California: by Lieut. J. P. Finley (6 pp.).— 
Altitude and Hay -fever : by Dr. W. J. Herdmau (3 pp.). 

Cyclone Tbacks in the South Indian Ocean, from information compiled 
by Dr. Meldbum, C.M.G., F.R.S. Published under the Authority of the 
Meteorological Council. 1891. 

This comDriscs a series of yearly charts showing the tracks which Dr. Meldnim 
has been able to lay down of all the cyclones in the South Indian Ocean for wliich 
he had received information as having occurred between the years 1848 to 1885. No 
reports of cyclones were received from Dr. Mcldrum for the years 1849, 1850, and 
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1853. From the yearly series of charts has been prepared a monthly scries, with 
a view of grouping together the storms occurring in the successive months of the 
year. The monthly chaiiis are only nine in number, no cyclones having been 
recorded in either August or September, and the number in June and July being 
so limited that the information for these two months is shown on one sheet. In 
dealing with these cyclones Dr. Meldrum has divided them into " Progressive ** 
and " Stationary.** The very marked difference in the proportion of Progressive 
storms to those classed as Stationary in the different months of the cyclone 
season is a valuable fact for the seaman, if it can be considered established. The 
knowledge that in the early and late months of this season the chances are about 
even that a cyclone is stationary^ and that in the height of the season the chances 
are very great that a cyclone is in rapid progression would greatly influence the 
action of a vessel Uiat nnds herself in the neighbourhood of a storm, but, though 
these proportions are too strongly marked throughout this lon^ series of years to 
admit of much doubt that the ratio between the Progressive and Stationary 
Cyclones is different in the different parts of the season, the doubt whether fuU 
information of every storm has been obtained must prevent the proportions as 
herein ^iven being accepted as absolutely correct. 

The distribution of the available material, and the relative frequency, for the 
whole series of 33 years, for the several months are as follows : — 
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Dbnksohbifte deb Mathematisoh-Natubwissenschaftlichen Classe deb 
ELubebliohen-Akadbmie in Wien. Band Lvlll. 1891. 4to. 

Contains : Die Yer&nderlichkeit der Temperatur in Oesterreich : by Dr. J. 
Hann (80 pp.). This is a most elaborate discussion of the variability of tem- 
perature at the Austrian stations. It chiefly refers to the decade 1871-90, but 
m it we find the variability for Vienna for the 91 ^ear period 1800-90. The most 
interesting portion of the paper is that dealing with the change of variability 
with height above sea-level, as naturally in Austria the stations at high levels 
are comparatively abundant, and Dr. Hann is admittedly the highest authority on 
mountain climate. In contrast to our own islands we may say that he finds that 
sudden serious falls of temperature are more frequent than sudden rises of equal 
amount. 

Hbalth : The Yotagb to South Apbioa, and Sojoubn thebe. 1891. 
Syo. 78 pp. Maps and niastrations. 

The information in this book was collected and republished in a convenient 
form on the occasion of the assemblage in London in August 1891 of the Inter- 
national Congress of Hygiene and Demography, whom the manager of the Castle 
Mail Packets Company entertained at luncheon on board the South African Royal 
Mail Steamer Drummotid Castle, The first part of the work deals with ** The 
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Cape M a Health Resort,*' and contains papers on (1) The Cape Peninsula, by 
C. L. Herman, M.B.; (2) Graham's Town and the Eastern Districts, by the Hon. 
W. G. Atherstone, M.D.; (3) The Central Karroo Districts, by H. W. Saunders, 
M.B.; and (4) The Upper Karroo Plateau, by J. Baird, M.D. The second 
part contains a paper on *' South Africa as a Health Resort," by £. S. Thompson, 
Af .D., which has been reprinted from the Proceedings of the Royal Colonial 
Institute. Then follows an account of voyage out to South Africa, and other 
useful information. 

Mbtbobolooisohe Zeitsghbift. Bedigiri von Dr. J. Hamn nnd Dr. W. 
KdppEN. July to September 1891. 4to. 

The principal contents are : — Zur Theorie der Cyklonen : yon W. von Bezold 
(7 pp.). This is a summary of a Paper by the author in the SHzimgsberichie of the 
Berlin Academy for December 1890, in which he endeavours to explain cyclonic 
phenomena on the principles established by Hann and others, and attempts to 
reconcile the views as to descending whirlwinds held by M. Faye with the 
generally accepted ideas of modem meteorologists. — Mittheilungen aus dem Nor- 
wegischen Meteorologischen Institute: von H. Mohn (13 pp.). This is an 
account of the mode of discussion of meteorological results at present in practice 
in the Norwegian Institute. — A. Buchan ilber den tiiglichen Gang der meteoro- 
logischen Elemente auf dem Ocean und iiber die Vertheilune der Temperatur, des 
Luftdruckes und der Winde auf der Erdoberflache : von Dr. J. Hann (12 pp.). 
This is a careful r^sum^ of Mr. Buchan*s report on Atmospheric Circulation. — 
Die Stfirme der Adria : von R. R. von Jedina (12 pp.). This is an endeavour to 
explain the frequent storms of the Adriatic, and to show how to employ weather 
charts for their prediction. — Elecktrische Beobachtungen auf dem Honen Sonn- 
blick : von J. Elster und H. Geitel (14 pp.). This is an account of a fortnight's 
experiments on Atmospheric Electricity, carried ont by the authors on the Sonn- 
blick and at Kulm-Saigum, the station at the foot of that mountain. The results 
are of great interest to anyone investigating the subject, but we shall only 
extract what is said about St. Elmo's Fire. This appears with every thunder, 
storm, and is as of ten negative as positive. Whenever a flash is blue it is followed 
by negative, and when red by positive, St. Elmo's Fire. 

BSPOBT ON THE METEOROLOGY OV InDIA IN 1889. By JoHN EUOT, M.A., 

Meteorological Reporter to the Government of India. 4to. 640 pp. and 
10 plates. 1891. 

This is the fifteenth Report and the fifth of the second decade, and gives the 
results in the same form as in previous years of the observations recorded at 90 
stations. The rainfall stations number S06. Mr. Eliot finds that ^^ the meteorology 
of the three years —1887, 1888, and 1889— present many points of resemblance in 
their larger abnormal features, more especially in the following : — 1. In each 
year the cold weather rains in tne plains of Northern and Central India were 
favourable, and either normal or in moderate excess. They were most abundant 
in 1889. On the other hand, the snowfall over the Himalayan area was less than 
usual, and the snow accumulation imdoubtedly below the normal. 2. Hot 
weather conditions in March, April, and May were more pronounced than usual, 
and produced the same large effects on the pressure distribution, the most im- 
portant being increased pressure or positive pressure anomalies in Southern 
India, and dencient pressure or negative pressure anomalies in Northern India. 

3. The conditions and distributions of pressure in May were in each year favour- 
able to the early establishment of a strong and steady South-west Monsoon. 

4. The rains were unusually steady from June to August, but withdrew suddenly 
from North- Western India (i,e. Punjab, Rajputana, Central India, and the 
western districts of the North- Western Provinces) very early in September. 

5. The rainfall in Madras and Southern India, generally due to the retreating 
South.west Monsoon, was favourable in the years 1887 and 1888. and on the 
whole sufficient in 1889, except in the southern districts of Madras. 6. The 
runfall distribution of the three years was, on the whole, favourable, and was 
sufficient for agricultural operations, except in the following areas, where 
droughts caussd a partial or almost entire loss of the crops, viz. 1887, Partial 
brought in Guzerat and Kathiawar ; 1888, Severe and prolonged drought in 
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Ganjam and South Orissaand the adjacent liill districts, which resulted in famine, 
and partial drought and failure of the crops in a small narrow area in North 
Behar ; 1889, Partial drought and failure of the crops in the southern districts 
of Madras, more especially Tinnevelly, Madura, Trichinopoly, and Coimbatore/' 

SiTZUNaSBEBIGHTB DBB KaISEBLICHEN AkADEMIE DEB WlSSENSGHAFTEN IN 

WiEN. Bd. C. Abth. 11. April 1891. 8vo. 

Contains : Studien iiber die Luf tdruck- und Temperaturverhaltnisse auf dem 
Sonnblickgipfel, nebst Bemerkungen tiber deren Bedeutung fiir die Theorie der 
Cyclonen und Anticyclonen : von Dr. .J. Hann (86 pp.). This a discussion of the 
barometrical and thermometrical extremes registerea at the top of the Sonnbliok 
ri0,200 ft.) as compared with the simnltaneous readings at Iscnl during the past 
tour years. Dr. Hann finds that in winter barometrical maxima above are always 
associated with maxima at the lower level. In winter also the changes of tem- 
perature on the summit, which accompany the passages of anticyclones and 
cyclones respectively, are exactly opposite to those observed at lower levels. The 
greater part of the communication is taken up with a reply to some criticisms of 
the author's views on the origin of cyclones, &c., which nave appeared, in Science 
during last winter. 

Stmon8*8 Monthlt Meteobolooical Magazine. Jaly to September 1891. 
Nos. 806-808. 8vo. 

The principal Articles are : Producing Rain artificially (2 pp.V— The United 
States Weather Bureau (2 pp.).— The Theory of Halos and Parhelia : by T. W. 
Backhouse and Rev. A. K. Cnerrill (3 pp.). — Sunshine Recorders : by J. Baxen« 
dell (1 pp.). — On Cloud at Greenwich (2 pp.). — Indian Monsoon Forecasts (4 pp.). 
— Sunshine and Sunlight : by F. C. Bayard (1 p.). — Something like a Shower : 
by G. J. Symons (1 p.). — Meteorological Bibliography : by G. J. Symons (4 pp.). 
— A Rainy August (7 pp.). 
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on the South-east Coast of, 119. 

Madeira, Hot Wind of, 217. 

Marriott (W.), Report on the Inspection of 
Stations, 1890, 58. 

Mawley (E.), Report on the Phenological 
Observations for 1890, 27. 

Maxwell (Major S. H.), elected, 41. 

McDowalJ (A. B.), Some suggestions bear- 
ing on weather ptediction, 252. 

McLeod (Prof. H.), Solar Halo seen at 
Cooper's Hill, Staines, on June 9, 1891. 
195. 

Meade (T. de C), elected, 267. 

Meetings, Proceedings at the, 41, 117, 192, 

257. 

Meteorological Notes taken on the South- 
east Coast of Madagascar, 1 19. 

Office, Keport from, 74. 

Photography, 142. 

Meteorology of Jamaica, 42. 

of South West Africa, 261. 

' , Problem of Probable Error 

as applied to, 87. 
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Stanley (W. F.), Phonometer, 260. 
Stations, Inspection of, 58. 
Steam, Effect of electrification upon the 

condensation of, 258. 
Stevenson Screen and Glaisher's Stand, 

Comparison of, 240. 
Storms, Formation of, 203. 
Stow (Bev. F. W.), South-east Frosts, 176. 



Subscript ions promised to the New 
Premises Fund, 61. 
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